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ABSTRACT

Examining How Factors Associated with Patients, Physicians,
Hospitals, and Surrounding Communities Affect Primary and
Repeat Cesarean Delivery through a Social Ecological Lens
by
Christina Ventura-DiPersia

Advisor: Elizabeth A. Kelvin

Background: Childbirth is one of the most common reasons for hospitalization in the U.S., and Cesarean
delivery (i.e., surgical childbirth) is costlier and has a higher likelihood of birth-related complications,
maternal rehospitalization, and postpartum medical care utilization than vaginal delivery. The rate of
Cesarean delivery in the United States (U.S.) has increased in recent years by over 60%, from 20.7% of
all births in 1996 to 32.9% of all births in 2011. As Although this increasing trend of Cesarean delivery
incidence has also been seen in other countries, the rate of Cesarean delivery has been rising more
steadily within the U.S. than nearly anywhere else.
While Cesarean delivery has been established as the safer delivery option for women with certain
high-risk pregnancy complications that could put mother and/or baby in danger during vaginal delivery,
the increasing rate of Cesarean delivery in the U.S. has not been accompanied with a concomitant
decrease in maternal and neonatal morbidity and mortality. Therefore, it has been suggested that at least
some Cesarean deliveries performed may be clinically unnecessary, and may put pregnant women at an
avoidable higher risk of adverse health outcomes.
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Numerous factors across multiple levels of organization have been linked to influencing the
likelihood of a pregnant woman receiving a Cesarean delivery. Firstly, a robust body of evidence has
linked numerous clinical facets of pregnancy, either related to maternal health specifically (e.g.,
gestational diabetes) or fetal health presentations (e.g., fetal malpresentation), to increased Cesarean
delivery likelihood. Additionally, certain sociodemographic characteristics, such as being of older age or
being of black/African-American race, have been linked to a higher risk of having a Cesarean delivery.
Numerous factors beyond the pregnant woman herself, however, have also been linked to the
likelihood of a Cesarean delivery occurring, through a social-ecological framework. Practice-related (e.g.,
clinical experience, medical school location) and sociodemographic characteristics (e.g., age, gender) of
the physician presiding over the birth have been shown to affect Cesarean delivery occurrence.
Furthermore, aspects of the hospital where the birth occurs related to maternity health-related practices
(e.g., vaginal birth after Cesarean occurrence) and ownership/affiliation (e.g., teaching status, private
ownership) have been associated with influencing Cesarean delivery likelihood in numerous studies.
Lastly, while there is a dearth of information as to how the health of communities where pregnant women
live specifically affect Cesarean delivery likelihood, the sociodemographic profile of communities have
been linked to other adverse pregnancy outcomes (e.g., preterm birth, low birthweight).
As such, this dissertation research examined: 1) the role of sociodemographic and maternal
health-related characteristics of communities related to overall and maternal health characterize in
influencing Cesarean delivery incidence across ZIP codes in New York State (NYS); 2) how
characteristics associated with pregnant women, physicians, hospitals and patient residential communities
affect primary Cesarean delivery risk in pregnant women in NYS; and, 3) how the factors aforementioned
in step 2 above affect repeat Cesarean delivery risk in pregnant women in NYS.
Methods: There were two separate analysis plans for this dissertation research, specific to the approach
that occurred for the first aim, and the approach that occurred for the second and third aims. For the first
aim, an ecological approach was taken, aggregating Cesarean delivery incidence taken from NYS hospital
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discharge data from 2011-2014 across ZIP codes in NYS with pertinent perinatal health data and where
enough births occurred so that they were not excluded via the NYSDOH small cell policy (N=1,316).
Predictors utilized that were aggregated and weighted by ZIP code included those related to hospital
maternity procedure-related data aggregated and weighted by ZIP code (i.e., Proportion of births attended
by a midwife; with augmented labor; with induced labor; and, that were VBAC); hospital characteristic
data (i.e., Proportion of births occurring in a teaching hospital; in a private hospital; and in a religiouslyaffiliated hospital); patient sociodemographic data (i.e., mean age of women giving birth in a ZIP code);
ecological perinatal health data (i.e., Proportion of births that were low birthweight; premature births;
Medicaid or self-pay; and had late or no prenatal care); and, sociodemographic community data (i.e.,
Proportion of ZIP code residents that were black; Hispanic; lived below the Federal Poverty Level; spoke
a language other than English at home; had at least some college as their highest level of education; had
public and private health insurance; median household income; and, urbanization of ZIP code). For the
statistical analysis for this AIM, the first step included conducting a naïve complete model negative
binomial regression to capture model residuals. Second, a univariate Moran’s I analysis of complete naïve
model residuals was conducted to examine spatial autocorrelation of residuals across NYS ZIP codes.
Thirdly, based on the results of the univariate Moran’s I analysis, a negative binomial regression was
conducted with generalized estimating equations methodology that utilized a working correlation matrix
that accounted for spatial autocorrelation (i.e., first-order autoregressive, using the county as the nesting
unit).
For the second and third aim, a fixed effects regression multilevel analysis was conducted to
assess the role of factors associated with pregnant women (patients), physicians, hospitals, and patient
residential communities affected primary and repeat Cesarean delivery, respectively. Specifically, a
blockwise modified Poisson regression analysis was conducted with generalized estimating equations
methodology with the first-order autoregressive working correlation matrix. Predictors used in the
analysis include patient-level clinical characteristics of pregnancy from hospital discharge data records
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(i.e., diagnosis of gestational hypertension; gestational diabetes; fetal malpresentation; obstructed labor;
and multiple gestation) and patient sociodemographic characteristics from birth certificate records (i.e.,
maternal nativity, black/African-American race, and Hispanic ethnicity, for births that occurred in NYC
only) as well as physician characteristics from American Medical Association Physician Masterfile and
NYS Department of Health (DOH) doctor profile data (i.e., physician age, gender, nativity, medical
school location, time since graduated medical school, and malpractice history), hospital procedural data
from NYSDOH data (i.e., percentage of VBACs in a hospital, percentage of births with induced labor,
with augmented labor, and midwife-attended births), hospital characteristic data from NYSDOH and
Medicare data (i.e., religious affiliation, private ownership, and teaching status), and community-level
health indicators from NYSDOH, Centers for Disease Control and Prevention, and American Community
Survey Census data (i.e., premature birth rate, low birthweight rate, Medicaid birth rate, late or no
prenatal care rate, black/African-American population rate, Hispanic population rate, rate of those in the
population living below the Federal Poverty Level, and urbanization of ZIP codes). Additionally,
multiplicative interaction analysis was conducted for physician gender and private hospital ownership for
both primary and repeat Cesarean delivery.
Results: There was significant spatial autocorrelation (p=0.001) of model residuals across NYS ZIP code,
as per the univariate Moran’s I analysis. As such, the negative binomial regression for the first study aim
was conducted using the first-order autoregressive working correlation matrix within generalized
estimating equations methodology. Within this analysis, numerous predictors were found to increase
Cesarean delivery incidence. Specifically, across NYS ZIP codes, the following were all associated with
increased Cesarean delivery incidence: a higher percent of births in a teaching hospital: IRR: 1.13
(p=0.009); a higher percent of births that were low birthweight: IRR: 1.07 (p=0.001); a higher percent of
residents that were black/African-American: IRR: 1.29 (p<0.001); a higher percent of residents living
below the Federal Poverty Level: IRR: 1.09 (p=0.048); a higher percent of residents with some college
education: IRR: 1.09 (p<0.001); a higher percent of residents speaking a language other than English at
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home: IRR: 1.92 (p<0.001); and, living in an urban ZIP code: IRR: 1.64 (p<0.001). Furthermore, both a
higher percent of births with late or no prenatal care (IRR: 0.93 (p=0.048)) and higher median household
incomes in ZIP codes (IRR: 0.84 (p<0.001)) were associated with decreased Cesarean delivery incidence.
For Aim 2 related to primary Cesarean delivery, there were N=712,230 total women in the
sample; for Aim 3 related to repeat Cesarean delivery, there were N=152,245 total women in the sample.
Related to patient characteristics, all clinical characteristics included significantly increased primary
Cesarean delivery risk and repeat Cesarean delivery risk in pregnant women (p<0.001). Regarding patient
sociodemographic characteristics, increasing age was associated with slightly increased risk of both
primary (RR: 1.01) and repeat Cesarean delivery (RR: 1.00) (p<0.001). For NYC births, being foreignborn slightly decreased primary Cesarean delivery risk (RR: 0.98, p=0.023) and being black/AfricanAmerican increased the risk of both primary Cesarean delivery (RR: 1.15) and repeat Cesarean delivery
(RR: 1.03) (p<0.001). Pregnant women who were of Hispanic ethnicity in NYC also had a higher risk of
primary Cesarean delivery (RR: 1.04, p=0.009) and repeat Cesarean delivery (RR: 1.03, p<0.001).
Regarding characteristics of the obstetric physician presiding over the birth of the pregnant
woman, patients with male physicians had a slightly increased risk of both primary Cesarean delivery
(RR: 1.04, p<0.001) and repeat Cesarean delivery (RR: 1.02, p<0.001). Additionally, pregnant women
with physicians who were foreign medical graduates had a slightly increased risk of primary (RR: 1.02,
p=0.005) and repeat Cesarean delivery (RR: 1.01, p<0.001), where those that had more clinically
experienced physicians (i.e., graduated medical school more than 15 years ago) had a mildly decreased
risk of both primary (RR: 0.98, p<0.001) and repeat Cesarean delivery (RR: 0.99, p=0.008).
For the characteristics of the hospital where the birth occurred, patients delivering in hospitals
with higher rates of VBACs had both lower risk of primary (RR:0.84, p<0.001) and repeat Cesarean
delivery (RR: 0.99, p=0.015); conversely, those delivering in privately owned hospitals had an increased
risk of both primary (RR: 1.12, p<0.001) and repeat Cesarean delivery (RR: 1.02, p<0.001). Lastly,
regarding factors associated with the residential neighborhoods of pregnant women, higher rates of
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premature birth and low birthweight as well as late or no prenatal care were associated with a slightly
increased risk of both primary and repeat Cesarean delivery (p<0.001). Conversely, living in a ZIP code
with higher rates of Medicaid-covered births and of residents living below the Federal Poverty Level were
associated with decreased risk of Cesarean delivery (p<0.001). Residing in an urban ZIP code was
associated with a mildly decreased risk of both primary (RR: 0.95, p<0.001) and repeat Cesarean delivery
(RR: 0.97, p<0.001).
Discussion: This study is one of the first to consider predictors of Cesarean delivery from a multifaceted,
social-ecological lens that considered a multitude of factors that likely affect the lived experiences of
pregnant women prior to their labor and delivery, as well as during the labor and delivery process. While
numerous limitation related to potential misclassification of secondary data sources used, residual
confounding, and lacking variables that likely contribute to birth-related decisions (e.g., patient
preference, physician fear of malpractice), it provides a perspective that justifies the consideration of
factors beyond the patient-physician dyad that have been a main focus of method of delivery literature for
decades. Additionally, it adds credence to consider Cesarean delivery as a health-related outcome where
“place matters”, as is so often discussed within many other areas of study in public health. Ultimately, this
study helps to characterize the role that hospitals, health systems, and communities play in shaping
perspectives and expectations that likely impact the method of delivery that a pregnant woman ultimately
undergoes. Future studies should attempt to ascertain the specific causal mechanism by which these distal
factors actually shape the behaviors, perspectives, and implicit biases of pregnant women, their family
members, their physicians and other involved clinicians (e.g., nurses, certified nurse midwives), and
hospital and health administrators that implement institutional policies that may shape clinical practice.
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Chapter 1 - Introduction

Childbirth is one of the most common reasons for hospitalization in the U.S., and
Cesarean delivery is costlier and has a higher likelihood of maternal rehospitalization and
postpartum medical care utilization than vaginal delivery. 1-6 The rate of Cesarean delivery in
the United States (U.S.) has increased in recent years by over 60%, from 20.7% of all births in
1996 to 32.9% of all births in 2011. The current rate is well above the World Health
Organization’s (WHO) recommended level of ≤15%,2,3,5,65 and Cesarean delivery is the most
commonly performed major surgical procedure in women in the U.S.2-5,7 Although this
increasing trend of Cesarean delivery incidence has also been seen in other countries, the rate
of Cesarean delivery has been rising more steadily within the U.S. than nearly anywhere else. 2,3
However, the rate of Cesarean deliveries between hospitals varies substantially; for example in
New York state, as of 2013, the hospital-specific uncomplicated Cesarean delivery rates ranges
from 14.83% to 50.41%.
Cesarean delivery has been established as the safer delivery option for women with
certain high-risk pregnancy complications that could put mother and/or baby in danger during
vaginal delivery; for example, there is a 3% excess risk of neonatal morbidity associated with
vaginal delivery for fetal breech presentation versus planned Cesarean delivery.5,67 The
decreased risk from Cesarean delivery for this particular clinical presentation has influenced
practice recommendations given by professional organizations, such as the American College
of Obstetricians and Gynecologists (ACOG), 5,67,68 and has influenced widespread abandonment
of vaginal breech delivery in contemporary obstetric practice. 5,33,67,69,70 Other clinical factors
currently associated with increased likelihood of Cesarean delivery include malposition of the
fetus (e.g., footling breech), multiple gestation (i.e., more than one fetus), and hypertensive
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disorders in pregnancy (e.g., pre-eclampsia).5 These factors are important to consider in any
analysis of what predictors shape Cesarean delivery risk because clinical practice guidelines
will often guide physician behavior. 5,67
Patient-Level Risk Factors
Many clinical and sociodemographic characteristics are associated with an increased
likelihood of Cesarean delivery within pregnant women. Overall, the risk of numerous adverse
outcomes, however, is actually higher for Cesarean delivery than for vaginal delivery.
Specifically, the risk of severe maternal morbidity and maternal mortality is 1.07 to 3.69 times
higher with Cesarean delivery than vaginal delivery, and the risk of neonatal morbidity from
lacerations, at 1-2% for Cesarean delivery, is also higher as risk of neonatal laceration from
vaginal delivery is minimal. 5,49,71-73 In addition, the rise in Cesarean delivery within the U.S.
has not been paralleled by a simultaneous decrease in adverse maternal and neonatal outcomes
during childbirth; therefore, it is likely that at least some Cesarean deliveries performed in the
U.S. are putting pregnant women at increased risk unnecessarily. This increased risk
counterbalances the cases in which Cesarean delivery decreased risk to mother and/or
baby.5,49,74 Unnecessary Cesarean deliveries, in addition to increasing health risks, also drive up
the cost of healthcare within the U.S. As of 2014, the average cost of an uncomplicated
Cesarean delivery is approximately 62% higher than that of an uncomplicated vaginal
delivery.75,76
The steadily increasing trend of Cesarean delivery in the U.S. has disproportionately
affected

certain

patient

populations,

including

women

who

are

non-Hispanic

black,2,3,5,18,26,27,30,32,77,78 older in age (especially age 40+), 2,3,12-14,17,79-81 and those with private
health insurance coverage. 19,20,22-24,82 Studies on Cesarean delivery suggest that factors beyond

18

biological changes due to age or the health status of American women giving birth are
influencing these differences in Cesarean delivery rates. 8-10,83,84 As such, there are a number
of other patient-based factors that have not yet been evaluated within this body of research.
This includes patient nativity, which may impact expectations around the childbirth process in
general, norms around the interaction between patient and provider, and the ability that the
patient has in communicating preferences to the provider. About 13% of those living in the U.S.
were foreign-born according to the 2010 census, and over 22% of New York State residents are
foreign-born.85 Nativity has been found to impact healthcare access and influence a number of
health-related outcomes.86-91 In addition, English proficiency, which may be limited among
some foreign-born populations, has been a barrier to accessing appropriate healthcare in other
situations and may work similarly in increasing risk for Cesarean delivery in these
populations.92-95
Additionally, some studies have shown that a patient’s sociodemographic characteristics
may influence her Cesarean delivery likelihood; these studies have examined trends in Cesarean
delivery rate across the globe and have found that women of low SES are less likely to give
birth by Cesarean delivery compared to women of high SES.97-101
Physician-Level Risk Factors
Characteristics associated with physicians have also been linked to an increased
likelihood in Cesarean delivery amongst pregnant women. The ability to communicate
effectively about preferences around childbirth with a physician may be further complicated if
the physician was born and/or trained in a country different from the country of origin of the
patient. In 2010, a quarter of all doctors in the U.S. were trained in other countries, and there
appears to be some variation in healthcare outcomes between U.S. versus foreign trained
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physicians.96 Other differences between the patient and physician characteristics may also
influence expectations around delivery and introduce challenges in communication. These
include gender differences (i.e. if the pregnant woman is being treated by a male versus a female
physician) and age differences between patient and physician.
Additionally, physician age is inversely associated with Cesarean delivery, such that
Cesarean delivery rate is lower among older physicians. 33,67,102 It has been suggested that this
may be partially due to older physicians being more experienced; as older physicians were
medically trained when Cesarean deliveries were much less common, they may also be more
accepting of a certain level of risk during childbirth that younger physicians deem
unacceptable.8,33,102-106
Furthermore, physician gender has been linked in various studies to Cesarean delivery
risk.

23,34,38,39,53,107-109

One large study found male physicians to be more likely than female

physicians to perform a Cesarean delivery; this study reported that the difference was present
in private hospitals (OR: 1.65, 95% CI 1.05-2.60) and teaching hospitals (OR: 2.82, 95% CI
1.43-5.55), but not in HMO-affiliated hospitals. 38 Another smaller hospital-based study
similarly found that being a male physician was associated with higher odds of Cesarean
delivery in the university practice setting (OR: 2.82; 1.43-5.55) and private practice (OR: 1.65;
1.05-2.60), but not in the HMO setting. 39 In this latter study, holding a teaching appointment
increased the odds of a physician performing a Cesarean delivery substantially, when adjusting
for gender (OR: 6.73; 3.29-13.76).39
Compared to other physicians, obstetricians are sued more frequently and pay more for
malpractice insurance coverage than all other medical subspecialties with the exception of
neurosurgery.67,70 Numerous studies have shown that the threat of malpractice influences
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obstetricians to practice defensive medicine, via an increased use of various clinician -initiated
interventions, including Cesarean delivery. 41,70,110-116 At the ecological level, one sizable,
longitudinal study reported that regions across the U.S. with higher than average malpractice
insurance premiums for obstetricians (indicating a stronger likelihood of legal retribution for
adverse birth outcomes) have higher rates of Cesarean delivery compared to other regions.
Specifically, this study reported that a $10,000 decrease in malpractice premiums for
obstetricians would result in 6,000 fewer Cesarean deliveries per year in the U.S., and a
reduction in annual healthcare expenditures on obstetrical services by $32.6 million (in 2 006
dollars).112 Thus, evidence suggests that the influence of liability, having experiences with
litigation, and even the potential threat of malpractice on physician behavior may affect
Cesarean delivery likelihood at both the individual and ecological level.
Hospital-Level Risk Factors
The characteristics of the hospital where a woman gives birth may also impact the
likelihood of Cesarean delivery through aspects of its institutional practice norms and
administrative culture that may shape practice expectations and “standard practice” within a
given hospital. Patients giving birth in hospitals that have teaching status, 22,23,39,41-47,49 those
that are privately owned, 38,39,42,48-50 and those that are religiously affiliated 42,51-53 are more likely
to have a Cesarean delivery than those that do not. Numerous recent studies have demonstrated
wide variation in hospital-specific Cesarean delivery rates both within individual states (e.g.:
within hospitals in Massachusetts where hospital-specific rates range from 14.1%-38.3% and
within hospitals in Arizona where rates range from 10.3%-34.2%) as well as two separate
studies using nationally representative hospital discharge data from the AHRQ’s Nationwide
Inpatient Sample (NIS) data (re: 2.4%-36.5% in one 2013 study using 2009 NIS data; 8%-32%

21

in one 2014 study using 2009 and 2010 NIS data). 8-10,117 In these studies, the observed variation
in hospital-specific Cesarean delivery rates remained significant even after adjusting for
patient-specific clinical and sociodemographic factors as well as hospital teaching status and
ownership. It has been suggested by these studies that while the specific reasons for this
hospital-specific variation in Cesarean delivery likelihood remain unknown, factors that
characterize the practices, professional norms, and administrative culture within hospitals need
to be evaluated as a possible explanation.
Studies that assess how hospital-based factors shape Cesarean delivery likelihood
consistently report being limited by the lack of available data on institutional practices and
factors that represent aspects of an institution’s administrative and practice culture in existing
data sets commonly used in this body of research (e.g., birth certificate data, Pregnancy Risk
Assessment Monitoring System (PRAMS), hospital discharge data). Some studies suggest that
differences in how labor and delivery are clinically and administratively managed may account
for some of the between-hospital Cesarean delivery rate variation, 23,118,121,123-127 as institutional
policy guidance and administrative culture may affect what clinical procedures are
recommended and obstetric-related administrative initiatives are undertaken. 8,9,110,118-122 Thus,
using data related to clinical and administrative practice may help characterize the institutional
practice and administrative culture of hospitals and subsequently elucidate how these factors
affect patient Cesarean delivery likelihood.
Another element that may shape practice and impact patient Cesarean delivery
likelihood is the commitment of clinicians and hospitals to upholding patient safety. The
American College of Obstetricians and Gynecologists (ACOG) published an obstetric
committee opinion outlining various steps that OB/GYNs should take to encourage patient
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safety in hospitals and in their own practice; these objectives include developing a commitment
to encourage a culture of patient safety and improve communication with patients. 174 In
addition, the American Hospital Association, the national organization that represents all
hospitals in the United States, has ‘quality and patient safety’ as one of their main advocacy
issues and objectives on their website.175,176 It is readily apparent that ensuring the highest
quality and utmost patient safety is a fundamental objective of clinicians and institutions alike;
however, the relationship between obstetric-related initiatives related to meeting this objective
and patient Cesarean delivery likelihood have not yet been explored in the literature.
Neighborhood-Level Risk Factors
Lastly, characteristics of the neighborhood of residence have been shown in the
literature to be associated with a number of health outcomes, including adverse pregnancy
outcomes.54-56,58,60,128-130 Many studies looking at how area-based socioeconomic measures
affect preterm birth and low birth weight found that blacks and/or Hispanics are more sensitive
to increased risk of both outcomes than whites; 54-57,59,131 this differential effect on health
outcomes by race, seen in studies of other health outcomes, is likely due to the socioeconomic
gradient of health that disparately burdens racial minorities in impoverished areas. 128,132-135 No
studies, however, have explicitly examined the effect of community-level characteristics and
deprivation measures on Cesarean delivery while also considering the influence of factors
associated with individual patients, physicians, and hospitals.
Proposed Framework
A robust body of evidence demonstrates the profound effect that factors associated with
patients, physicians, hospitals, and surrounding neighborhoods of patients affect the likelihood
of a pregnant woman to receive a Cesarean delivery. Additionally, these forces likely interact
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with each other and work across levels to impact risk, rather than produce a siloed effect on
childbirth outcomes. As such, the social-ecological model is an appropriate framework to
conceptualize the impact of these characteristics across multiple levels on pregnant women. The
social-ecological model is a theory-based framework that visually connects the impact of nonmodifiable and modifiable characteristics of individuals with the micro- and macro-social world
surrounding them.177 A modified version of this framework can be seen below.

Figure 1. Modified Social-Ecological Framework
Specific Aims
By considering the independent contribution of factors associated with patients, providers,
hospitals, and neighborhoods, as well as the potential interaction of important variables across
these levels of organization, we may be able to identify some of the forces driving the variation
in both overall primary and repeat Cesarean delivery likelihood both at the individual and
ecological level. Ultimately, this may lead to a better understanding of the reasons behind the
rapid rise in Cesarean rates in the U.S. Through a better understanding of the forces behind
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these trends, we hope to identify modifiable factors that can be targeted to decrease unnecessary
Cesarean sections, improve patient safety, and reduce healthcare expenditures.
As such, the following dissertation will examine the following specific aims:
Specific Aim 1: To assess whether factors associated with hospital administrative and clinical
practice are associated with Cesarean delivery rates by ZIP code within the institutions’
respective geographic catchment area via an ecological analysis.
Specific Aim 2: To evaluate what factors influence risk of primary Cesarean delivery working
at various levels of organization using fixed effects regression analysis, including (1)
characteristics of the pregnancy; (2) characteristics of the pregnant woman; (3) characteris tics
of the physician at the birth; (4) characteristics of the institution in which the birth occurs; and,
(5) characteristics of the community where the pregnant woman lives.
Sub Aim 2.1: Evaluate the presence of interaction between: (1) provider gender and hospital
type; (2) age of physician and age of patient; and, (3) foreign-born physician and foreign-born
patient.
Specific Aim 3: To evaluate what factors influence risk of repeat Cesarean delivery working
at various levels of organization using fixed effects regression analysis, including (1)
characteristics of the pregnancy; (2) characteristics of the pregnant woman; (3) characteristics
of the physician at the birth; (4) characteristics of the institution in which the birth occurs; and,
(5) characteristics of the community where the pregnant woman lives.
Sub Aim 3.1: Evaluate the presence of interaction between: (1) provider gender and hospital
type; (2) age of physician and age of patient; and, (3) foreign-born physician and foreign-born
patient.
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Chapter 2 - An Ecological Assessment of How Neighborhood-Level Factors Associated with
Hospitals and Communities Shape Cesarean Delivery Incidence by ZIP Code in New York
State, 2011-2014
Introduction:
Childbirth is one of the most common reasons for hospitalization in the United States
(U.S.). Over 3.5 million births occurred in 2013, of which nearly one-third were by Cesarean
(surgical) delivery.1 While Cesarean delivery can be life-saving for the pregnant woman and/or
fetus under certain circumstances, it is costlier than vaginal delivery and is associated with elevated
risk for some adverse outcomes such as infection and fetal laceration.2-4 Evidence suggests that the
Cesarean delivery procedure may sometimes be used excessively among women with low-risk
pregnancies.2,4-7 The reasons for potentially unnecessary use of Cesarean delivery are not well
understood, but are likely due to myriad factors related to patients, providers, and the birthing
environment, including factors associated with the hospital, health system, and neighborhood
where the birth takes place.2,3,6
The U.S. Cesarean delivery rate has remained relatively stable at approximately 33% of all
births for much of the last decade;8 however, the incidence of Cesarean deliveries varies
considerably by hospital (e.g., 18% to 60% in 2014 among hospitals in New York State (NYS)).9
Some research has suggested this variation may be due, in part, to differences related to the
geographic surroundings on the hospital itself, as obstetric practice surrounding labor and delivery
has been shown to vary by whether a hospital is located in an urban or rural setting.10-12 While
many studies have identified individual-level sociodemographic characteristics that increase
patient Cesarean delivery risk (e.g., black/African-American race;6,13-15 college educated;6,16
private insurance coverage17-19), other factors at levels above the individual are likely also
contributing to the broad variation in Cesarean delivery rates. The social-ecological model20-23
depicts a multilevel framework suggesting how environmental and contextual factors impact the
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health of the individuals nested within them (see Appendix A). The contextual factors important
to Cesarean delivery risk are likely organized at multiple levels, including the individual patient,
aspects of the birthing environment (e.g., hospital characteristics), and characteristics of the
surrounding neighborhood.
Previous evidence suggests a link between certain hospital characteristics and elevated
Cesarean delivery rates among pregnant patients. Specifically, patients giving birth in hospitals
that have a teaching affiliation;19,24-29 that are privately owned;25,27,30,31 and/or, that are religiously
affiliated27,32,33 are more likely to have a Cesarean delivery than those who do not. Although the
exact mechanism by which these types of hospitals increase patient Cesarean delivery risk is
unclear, some studies have suggested that differences in how labor and delivery are clinically and
administratively managed may account for some of the between-hospital Cesarean delivery rate
variation.24,34-40 In particular, institutional policy guidance, administrative culture, case mix of the
patient population, and considerations related to malpractice may affect what clinical procedures
are recommended and what obstetric-related administrative initiatives are undertaken.3,34,35,41-45
Research also indicates that community-level factors shape social norms and expectations
as well as social networks and structures, which can impact healthcare access and health behavior.
Some of these community-level factors relevant to health include socioeconomic factors;20
sociodemographic characteristics;46-49 and, the population density and urbanization of areas.50,51
There is a strong body of literature demonstrating that residents of communities with lower
socioeconomic profiles tend to have higher rates of adverse birth-related outcomes including
preterm birth52,53 and low birthweight,

54,55

which could negatively impact the rate of Cesarean

delivery in their respective communities. In addition, characteristics of the neighborhood
environment and its patient population may influence clinical practice norms of providers who see
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patients from those neighborhoods. As living in a low-income neighborhood is often associated
with poorer health,46,56 providers with experience serving patients from low-income
neighborhoods may be influenced by that experience in their clinical decision-making.57
In this paper, we explore whether the wide variety in Cesarean delivery rates by hospital
in NYS is mirrored by similar variation by neighborhood. Then, we examine, through an ecological
analysis, if neighborhood Cesarean delivery rates can be explained by the characteristics of the
neighborhood and of the hospitals serving those neighborhoods. There is a dearth of research
exploring how hospitals, health system, and community-level factors affect Cesarean delivery
incidence within neighborhoods,58 which we aim to address through these analyses.
Methods:
Population and Sample
For these analyses, we used data on communities and hospitals located in New York, the
fourth most-populated state in the U.S. with urban, suburban, and rural areas throughout its
expansive geographic area.59 Additionally, as mentioned above, there is substantial variation in
Cesarean delivery rates by hospital throughout the state (i.e., 18% to 60% among NYS hospitals
in 2014).9 The geographic unit used for these analyses was the five-digit ZIP code, which was
chosen instead of the census tract mainly due to its ready availability in the pregnancy and maternal
health data sources used in this study. The State of New York, including New York City (NYC),
contains 2,153 ZIP codes. We excluded all ZIP codes that did not contain any pertinent perinatal
health information from analysis (N=697) and those in which there had been between one and ten
births by Cesarean delivery over our study period (N=140) in order to comply with the federal
Centers for Medicare and Medicaid Services policy on small cell size suppression.60 This left 1,316
ZIP codes for inclusion in our analyses.
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Measures and Data Sources
Cesarean Delivery Data
The outcome for these analyses is Cesarean delivery incidence between 2011 and 2014
across eligible ZIP codes in NYS. Multiple years of data were included in order to increase the
sample size related to our outcome and thus, statistical power. Data on birth outcomes were
obtained from the inpatient data file of the NYS Department of Health (NYSDOH) Statewide
Planning and Research Cooperative System (SPARCS). SPARCS is a data reporting system
initially mandated in 1979 by NYS public health law to routinely collect data on patients across
healthcare facilities in inpatient and outpatient settings.61 This database was chosen because of its
comprehensiveness, as it includes data on all hospital-based births in NYS as mandated by law,
and because Cesarean delivery is a surgical procedure that usually requires equipment and
services only available in a hospital setting. However, by using this data source, this analysis
does not include data on births in NYS outside of a hospital, although nearly all births in the U.S.
(i.e., 98.72% in 2012) occur in a hospital setting.62
The outcome was defined as the proportion of all births (both Cesarean and vaginal
deliveries) listed in the SPARCS hospital discharge data that were delivered by Cesarean per ZIP
code of patient residence. To ensure a comprehensive assessment of the method of delivery,
listed MS-DRGs; APR-DRGs; and, ICD-9 procedural codes in patient records were all examined
for codes related to Cesarean delivery (see Appendix A).63 The number of deliveries (vaginal or
Cesarean) and the number of Cesarean deliveries between 2011 and 2014 were aggregated by
ZIP code. Then, the number of Cesarean deliveries was divided by the number of all deliveries to
calculate the incidence rate of Cesarean delivery over the four-year period in each ZIP code.
Additionally, the average age of women giving birth (vaginal or Cesarean) by ZIP code of
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residence as listed in the 2011-2014 SPARCS inpatient data file was calculated and included as a
predictor variable.
Hospital Procedure and Characteristic-Related Measures
Variables related to the annual frequency of childbirth-related hospital procedures within
individual hospitals, publicly available from the NYSDOH (see Appendix A), were aggregated
to the ZIP code level of the patient’s residence to characterize the experiences and likely
expectations of maternity care of women giving birth within a community. This data was chosen
over aggregating individual patient data in hospital discharge data and assessing procedures with
ICD-9 procedural coding within SPARCS data because of its thoroughness due to its mandated
reporting and to its origin from multiple data sources and accuracy in cross-checking (i.e.,
NYSDOH assesses both discharge and birth certificate data).64
Firstly, procedural frequency data for individual hospitals across NYS were taken for the
year 2014 from the NYSDOH website. Secondly, the proportion of all births that occurred within
individual NYS hospitals in 2014 within the SPARCS inpatient data file were stratified by
patient ZIP code of residence. Hospital procedural data was aggregated to ZIP codes by treating
the proportion of births in each hospital as a weight in creating an overall procedural rate.
Variables that were included for this analysis were: the proportion of births in a ZIP code
attended by a midwife; the proportion of births in a ZIP code with augmented labor (any
method); the proportion of births in a ZIP code that were induced (any method); and, the
proportion of births that were vaginal births after a prior Cesarean delivery (i.e., VBAC).
In addition to hospital procedural data, variables were calculated related to the percentage
of births per ZIP code that occurred from 2011 through 2014 in a teaching hospital; in a private
hospital; and, in a religiously-affiliated hospital. A hospital was coded as being a teaching
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hospital if they were listed as such in the Open Payments Centers for Medicare & Medicaid
Services Listing for each year from 2011 through 2014.65 Additionally, any hospital listed as
having a non-government type of control in the American Hospital Directory were coded as a
private hospital.66 Lastly, hospital type was determined by assessing whether a hospital was
coded as religiously affiliated in the American Hospital Directory.66
Neighborhood Demographic, Economic, and Health Measures
Data on neighborhood health and economic characteristics were taken from two publicly
available sources. Variables on neighborhood perinatal health outcomes were taken from the
NYS County/ZIP Code Perinatal Data Profile, which is an aggregation of NYS and NYC Vital
Statistics data including various perinatal health-related variables over a three-year time period
(i.e., 2011-2013, the closest time period to that of our outcome).64 For these analyses, we
included data on the premature birth rate; the proportion of births that were low birthweight; the
proportion of births for which medical fees were covered by Medicaid or were self-pay; and, the
proportion of births for which the mother had late (i.e., in the third trimester) or no prenatal care.
Variables related to the demographic and economic profile of neighborhoods were taken
from the American Community Survey (ACS), which is conducted annually by the U.S. Census
Bureau and includes socioeconomic, demographic, and housing data on individuals in the U.S.67
The ACS is available in five-year estimates; the 2010-2014 iteration was used for this study.
Variables included in these analyses were: the proportion of residents in a neighborhood who
were Black/African-American; the proportion of residents in a neighborhood who were of
Hispanic ethnicity; the proportion of residents in a neighborhood living below the Federal
Poverty Level; the proportion of residents in a neighborhood that speak a language other than
English at home; the proportion of residents in a neighborhood with at least some college as their
highest level of education; the proportion of residents having private or public health insurance
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(i.e., Medicaid; Medicare; or any other governmental medical assistance program);68 and, median
household income (in dollars). Data on the urban or rural designation of the county in which
each ZIP code resided were also included from the 2013 National Center for Health Statistics
(NCHS) Urban-Rural Classification Scheme.69
Statistical Analysis
Means, median, ranges, and standard deviations of each continuous independent variable
of interest were assessed overall and by Cesarean delivery incidence (i.e., low vs. high, defined
by the median rate of Cesarean delivery across NYS). Significant differences in the mean rates of
predictor variables by Cesarean delivery incidence were assessed using Mann-Whitney U tests,
the non-parametric alternative to an independent two-sample two-tailed t-test. For the only
categorical independent variable (i.e., whether a ZIP code was classified as urban or rural),
significant differences by Cesarean delivery incidence were assessed using the chi-squared test
of independence.
Multivariate negative binomial regression was used to explore potential associations of
the aforementioned neighborhood- and hospital-related factors with Cesarean delivery incidence
(see Appendix A). Predictor variables were standardized to the z scale (i.e., subtracting
individual values from its mean and dividing this difference by its standard deviation) to
facilitate comparisons between predictor variables of different scales and ranges.
Crude models were run by modeling each independent variable alone as a predictor of
Cesarean delivery incidence, after which adjusted models were run with the inclusion of three
separate blocks of variables. The first block included the hospital-level variables; the second
block included all neighborhood-level birth-related variables; and, the third block included all
neighborhood-level sociodemographic-related variables. Spatial autocorrelation (clustering) in
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Cesarean delivery counts within ZIP codes was assessed by calculating a univariate Moran’s I
coefficient analysis with raw residuals from the complete (i.e., all covariates included) naïve
regression model.70 If spatial autocorrelation is present, regression modeling would be fit using
generalized estimating equations under the autoregressive first-order correlation structure, using
the county where the ZIP code is located as the clustering variable to statistically adjust for
geospatial variation. Statistical significance was determined at the α=0.05 level. All statistical
analyses, with the exception of the univariate Moran’s I coefficient, were conducted in SPSS
Version 24.0 (Chicago, IL). The univariate Moran’s I coefficient and its statistical significance
were calculated using GeoDa software Version 1.21 (Champaign-Urbana, IL). Maps of both
Cesarean delivery incidence counts as well as raw residuals across New York State were created
for visualization purposes using GeoDa.
Results:
Description of Hospital- and Neighborhood-Related Characteristics
Table 2.1 depicts the descriptive characteristics of the ZIP codes included in this analysis
overall and stratified at the median Cesarean delivery rate of ZIP codes in NYS (i.e., 34.7%).
The total Cesarean delivery rate in NYS for 2011-2014 was 34.89% and ranged from 0% to
64.56%. On average, slightly more than one-fifth of births had augmented labors (22.53%) and
almost one-third of births had induced labors (30.48%). Most births were in teaching hospitals
(62.73%) and private hospitals (91.37%) across NYS neighborhoods. The mean age of women
giving birth was 29.07 years; more than one-third of births, on average, were covered by
Medicaid or were self-pay (39.78%). Regarding the sociodemographic composition of ZIP codes
across NYS, the mean prevalence of residents who were black/African-American residents and
were of Hispanic ethnicity was 7.46% and 8.85%, respectively. On average, about 12.13% of
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residents were living below the Federal Poverty Level and 15.19% of residents spoke a language
other than English at home across NYS neighborhoods. The average median household income
was $64,242.48, and almost three-quarters of all NYS ZIP codes (73.8%) were classified as
urban (i.e., metropolitan) under the 2013 NCHS Urban-Rural Classification Scheme.
The average rates of all hospital procedure and characteristic-related measures (i.e.,
percent of births attended by a midwife (15.46% vs. 10.96%; p < 0.001); percent of births with
augmented labor (23.66% vs. 21.41%; p < 0.001); percent of births with induced labor (31.37%
vs. 29.60%; p < 0.001); percent of births that were VBAC (11.70% vs. 9.33%; p < 0.001);
percent of births in a teaching hospital (65.93% vs. 59.54%; p < 0.001); and, percent of births in
a private hospital (92.64% vs. 90.20%; p < 0.001)) were significantly higher among low
Cesarean delivery incidence rate ZIP codes, except for the percent of births in a religiously
affiliated hospital (14.11% vs. 14.98%; p = 0.685).
Regarding birth-related neighborhood-level variables, the mean age of patients giving
birth (29.78 years vs. 28.36 years, p < 0.001), as well as the rates of adverse pregnancy outcome
measures related to premature birth (10.62% vs. 10.21%; p = 0.004) and low birthweight (7.51%
vs. 6.97%; p = 0.003), were significant higher in high Cesarean delivery incidence rate ZIP
codes. Conversely, the rate of births that were covered by Medicaid or were self-pay was
significantly higher in neighborhoods with lower Cesarean delivery rates (43.42% vs. 36.14%; p
< 0.001). There was no significant difference in the percent of residents with late or no prenatal
care by Cesarean delivery incidence (4.46% vs. 4.437%; p = 0.207).
Except for the percent of residents who were of black/African-American race in a ZIP
code (7.08% vs. 7.84%; p = 0.115), all included sociodemographic-related neighborhood-level
measures also significantly differed by Cesarean delivery incidence across NYS neighborhoods.
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The percent of residents who were of Hispanic ethnicity was higher in high Cesarean delivery
rate ZIP codes (9.52% vs. 8.16%; p < 0.001), while the percent of residents living below the
Federal Poverty Level was higher among low Cesarean delivery rate ZIP codes (13.81% vs.
10.47%; p = 0.018). Additionally, the percent of residents with at least some college as their
highest education level (63.50% vs. 60.20%; p = 0.002); the percent of residents who speak a
language other than English at home (16.23% vs. 14.15%; p < 0.001); and, the percent of
residents covered by private health insurance (73.20% vs. 69.25%; p < 0.001) were all
significantly higher among high Cesarean delivery rate ZIP codes. Conversely, more people were
covered by public health insurance in low Cesarean delivery ZIP codes (34.78% vs. 31.33%; p <
0.001). Lastly, both the median household income ($71,088.53 vs. $57,395.62; p < 0.001) and
the number of urban (metropolitan) ZIP codes (52.5% vs. 47.5%; p = 0.003) were significantly
higher among high Cesarean delivery rate ZIP codes.
Regression Models
The results of the univariate Moran’s I analysis were statistically significant (p < 0.001)
(see Appendix A), indicating that is spatial autocorrelation (clustering) in the values of Cesarean
delivery incidence amongst NYS ZIP codes. The graphical display of Cesarean delivery
incidence rates (Figure 2.1) visually suggested clustering as well. As such, univariate, block, and
complete multivariate negative binomial regression modeling were conducted within generalized
estimating equations methodology, which can be seen in Tables 2.2 and 2.3.
Regarding the univariate models, the incidence of Cesarean delivery among NYS ZIP
codes significantly decreased by 8.6% for every one standard deviation increase in the rate of
births attended by a midwife (IRR=0.914; p=0.014). Conversely, Cesarean delivery incidence
was positively associated with the percent of births were VBAC (IRR=1.258; p<0.001) and
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percent of births that were in a teaching hospital (IRR=1.633; p<0.001). Furthermore, incidence
of Cesarean delivery by ZIP code was negatively associated with the mean age of patients giving
birth in that ZIP code (IRR=0.787; p = 0.005). However, it was positively associated with the
percent of births that were preterm (IRR=1.182; p < 0.001); the percent of births that were low
birthweight, (IRR=1.195; p < 0.001); the percent of births covered by Medicaid or were self-pay
(IRR=1.357; p < 0.001); and, the percent of births with late or no prenatal care (IRR=1.353; p <
0.001).
The percent of residents of Hispanic ethnicity (IRR=1.439; p < 0.001); the percent of
residents living below the Federal Poverty Line (IRR=1.366; p < 0.001); and, the percent of
residents with at least some college as their highest education (IRR=1.894; p < 0.001) were all
associated with higher rates of Cesarean delivery, while the percent of residents who speak a
language other than English at home was associated with lower Cesarean delivery (IRR=0.870; p
< 0.001). Cesarean delivery rate was negatively associated with the percent of residents who had
private health insurance (IRR=0.701; p < 0.001) and positively associated with the percent of
residents who had public health insurance (IRR=1.312; p < 0.001). Lastly, while Cesarean
delivery incidence was negatively associated with median household income (IRR=0.729; p =
0.003), it was significantly higher among urban, compared to rural, ZIP codes (IRR=4.979; p <
0.001).
The remaining data in Table 2.2 depict the results for regression models from each of the
three separate respective blocks of variables (i.e., hospital-level; neighborhood-level birthrelated; and, neighborhood-level sociodemographic-related). Regarding the hospital-level block
regression model, four variables were significantly associated with ZIP code Cesarean delivery
incidence. Specifically, the percent of births attended by a midwife (IRR=0.812; p < 0.001) was

46

associated with decreased Cesarean delivery incidence, while the percent of births that were
VBAC (IRR=1.224; p = 0.005) was associated with increased incidence. Furthermore, Cesarean
delivery incidence was positively associated with the percent of births in a teaching hospital
(IRR=1.415; p < 0.001), but negatively associated with the percent of births in a private hospital
(IRR=0.775; p < 0.001).
Regarding the neighborhood-level birth-related block regression model, three variables
(i.e., mean age of patients giving birth in a ZIP code (IRR=1.591; p < 0.001); percent of births
that were low birthweight (IRR=1.146; p < 0.001); and, percent of births that were covered by
Medicaid or were self-pay (IRR=1.673; p < 0.001)) were all significantly associated with
increased Cesarean delivery incidence. Within the neighborhood-level sociodemographic-related
block regression model, six variables were significantly associated Cesarean delivery incidence.
Specifically, Cesarean delivery incidence was positive associated with percent of residents who
were black/African-American in a ZIP code (IRR=1.315; p < 0.001); who completed at least
some college as their highest education (IRR=1.093; p < 0.001); who spoke a language other
than English at home (IRR=1.893; p < 0.001); and, who had private health insurance
(IRR=1.273; p < 0.001). Conversely, Cesarean delivery incidence was negatively associated
Cesarean delivery incidence (IRR=0.880; p = 0.023). Urban ZIP codes had a significantly higher
incidence of Cesarean delivery, compared to rural ZIP codes (IRR=1.95; p < 0.001).
Table 2.3 lists the results of the complete multivariate negative binomial regression
model, containing all twenty-one hospital- and neighborhood-related predictor variables. Within
the final model, the only hospital-related predictor to remain significantly associated with
Cesarean delivery incidence was percent of births in a teaching hospital (IRR=1.132; p = 0.009).
Numerous neighborhood health, demographic, and economic measures (i.e., percent of births
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that were low birthweight; percent of residents who were black/African-American; percent of
residents that completed at least some college as their highest education; percent of residents
who spoke a language other than English at home; median household income; and residing in an
urban area) remained statistically significant within the final model. Additionally, one birthrelated variable (i.e., percent of births with late or no prenatal care (IRR=0.932; p = 0.010)) and
one sociodemographic-related variable (i.e., percent of residents living below the Federal
Poverty Level (IRR=1.088; p = 0.048)) became newly significant. Specifically, an increase of
one standard deviation in the percent of births with late or no prenatal care resulted in a 6.8%
decrease in Cesarean delivery incidence, where an increase of one standard deviation in the
percent of residents living below the Federal Poverty line resulted in an 8.8% increase in
Cesarean delivery incidence.
Discussion:
Cesarean delivery incidence varies widely by neighborhood (i.e., ZIP code) in NYS, from
0% to 64.56%. We found numerous hospital- and neighborhood-level factors that are associated
with Cesarean delivery incidence. While various hospital-related measures were significantly
associated with Cesarean delivery incidence in the univariate models and the hospital variable
block model (i.e., percentage of births attended by a midwife; births that were VBAC; births in a
teaching hospital; and, births in a private hospital), only the percentage of births in a teaching
hospital remained significant in the final model after adjusting for neighborhood-level factors.
This suggests that much of the impact of hospital-level procedural and characteristic variables on
Cesarean delivery incidence can be explained by perinatal and sociodemographic characteristics
of neighborhoods.
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Numerous variables at the neighborhood level were significant in both their univariate
and respective birth-related and sociodemographic-related block models, and many of these
retained their statistical significance and directionality in the final model. Specifically, in the
final model, five neighborhood-level variables were associated with increased Cesarean delivery
incidence (i.e., percent of births that were low birthweight; percent of residents who identify as
black/African-American; percent of residents percent of residents living below the Federal
Poverty Level; percent of residents with at least some college as highest education; percent of
residents who speak a language other than English at home; and, residing in an urban area) and
two neighborhood-level variables were associated with decreased Cesarean delivery incidence
(i.e., percentage of births with late or no prenatal care and median household income).
Many findings from this ecological study mirror findings from individual-level studies in
the literature, such as those on the association of Cesarean delivery with patient race/ethnicity;
6,13-15

patient educational attainment;6,16 and, hospital teaching status.26,27 Additionally, these

conclusions echo evidence on differences found between hospitals in urban and rural areas
regarding clinical practice surrounding childbirth practice, including Cesarean delivery among
low-risk women.10 As such, these ecological predictors are aggregates of their individual-level
counterparts, and subsequently similar casual mechanisms may be operating on both levels of
analysis.
The perinatal measures (i.e., low birthweight and prenatal care initiation) and
sociodemographic factors variables (i.e., percentage of population living below the Federal
Poverty Level; percentage of population speaking a language other than English at home; and,
income level) that we found to be associated with Cesarean delivery incidence have been found
to be associated with other adverse health outcomes in the literature.14,47-49,52-54,56 These findings
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could be due to differences in the risk make-up of the pregnant patient population in
neighborhoods of higher Cesarean delivery incidence. It is possible, however, that these
ecological measures, at least in part, characterize the obstetric profiles of pregnant women in
their respective communities, and ultimately, the clinical expectations and “standard practice” of
clinicians, hospitals, and health systems surrounding childbirth in these communities. Previous
evidence suggests that both quality and access to pregnancy and childbirth care can vary
considerably between urban and rural environments.10 Moreover, pregnant women who live in
disparate communities may collectively have limited opportunities to seek out higher quality
obstetric care, including engaging in shared decision-making for their childbirth and/or
preventing a potentially avoidable Cesarean delivery.7,10
There were, however, several limitations to this study that should be considered in its
interpretation. Firstly, the ecological nature of the design of this study does not permit us to
assume that these associations would be found at the individual level (i.e., ecological fallacy).
Many of these findings, however, have already been found at the individual level in previous
studies, adding strength to the generalizability of this study. Secondly, this study did not include
all potentially relevant ecological predictors of Cesarean delivery incidence (e.g., regional
obstetric malpractice premiums), which may have resulted in some residual confounding.45
Nevertheless, this study found an increased rate of Cesarean delivery incidence across NYS ZIP
codes by a number of ecological predictors associated with hospitals and neighborhoods.
Thirdly, the timeframe for all predictor variables did not always overlap with each other,
although all predictors represented at least one year of the timeframe for the dependent variable
data. Still, this may have resulted in diminished generalizability in our findings. Lastly, by
attempting to comprehensively predict the impact of many factors associated with hospitals and
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communities on ZIP code Cesarean delivery incidence, the complete regression model included
twenty-one predictors, which may have resulted in over-adjustment for confounding, reduced
statistical power, and a potential underestimation of effect sizes. However, this suggests that the
true magnitude of the associations between predictors and Cesarean delivery incidence may
actually be larger.
Despite these limitations, this study identified various potentially important predictors of
ecological Cesarean delivery incidence within NYS communities that may aid in elucidating
what factors shape birth expectations of pregnant women and clinical practice of clinicians,
hospitals, and health systems in communities. Primarily, this study suggests that aspects of the
labor and delivery experience within individual birth environments, once aggregated, can impact
birth experiences of other pregnant women as well. Additionally, it demonstrates the role that
certain distal social determinants of health, with a demonstrated impact on other health outcomes
in the literature, have on Cesarean delivery incidence across communities of NYS. These
findings can be used to help guide maternal health policy and quality initiatives within public
and private entities (e.g., health systems) to address the wide variation in Cesarean delivery
across hospitals and neighborhoods in NYS to ultimately ensure that all pregnant women,
regardless of the communities in which they live, have access to the highest quality obstetric care
for their pregnancy and childbirth.
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Table 2.1 – Descriptive Characteristics Related to Sociodemographic and Hospital-Related Data of 1,316 ZIP Codes in New York State,
Stratified by Low and High Cesarean Delivery Incidencea
Variables
Mean (SD) for
Median (Range)
Mean (SD)
Mean (SD)
all NYS ZIP
for all NYS ZIP
For Low
For High
codes
Codes
Cesarean
Cesarean
Delivery
Delivery
Incidence ZIP
Incidence ZIP
Codes (<34.7%)
Codes (≥34.7%)
NYS Overall Cesarean Delivery Rate (%)
34.89 (6.9)
34.71 (0-64.56)
Hospital Procedure and Characteristic-Related Measures
Percent of births attended by a midwife in 2014
13.20 (11.80)
10.04 (0-56.60)
15.46 (11.93)
10.96 (11.23)
Percent of births augmented in 2014
22.53 (7.80)
21.10 (3.55-56.20)
23.66 (7.68)
21.41 (7.75)
Percent of births induced in 2014
30.48 (9.68)
28.63 (4.51-89.10)
31.37 (8.99)
29.60 (10.24)
Percent of births that were VBAC in 2014
10.51 (5.45)
9.82 (0-31.03)
11.70 (5.81)
9.33 (4.79)
Percent of births in a teaching hospital in 2011-2014
62.73 (34.00)
68.05 (0-100)
31.71 (8.99)
29.60 (10.24)
Percent of births in a private hospital in 2011-2014
91.37 (12.80)
96.22 (0-100)
92.64 (12.77)
90.10 (12.71)
Percent of births in a religiously affiliated hospital in 2011-2014
14.54 (19.14)
4.69 (0-87.19)
14.11 (18.58)
14.98 (19.67)
Neighborhood Health, Demographic, and Economic Measures
Birth-Related Variables
Mean age of patients giving birth (years), 2011-2014
29.07 (2.71)
28.56 (24.19-52.98)
28.36 (2.04)
29.78 (3.09)
Percent of birth that were premature in 2011-2013
10.41 (3.78)
10.40 (0-26.70)
10.21 (3.75)
10.62 (3.81)
Percent of births that were low birthweight in 2011-2013
7.24 (3.22)
7.10 (0-30.0)
6.97 (3.26)
7.51 (3.17)
Percent of births covered by Medicaid or self-pay Births in 2011-2013
39.78 (20.07)
40.20 (0-91.30)
43.42 (20.18)
36.14 (19.29)
Percent of births with late or no prenatal care in 2011-2013
4.44 (4.13)
3.50 (0-39.30)
4.46 (3.89)
4.43 (4.36)
Sociodemographic-Related Variables
Percent of population black/African-American Race in 2010-2014
7.46 (14.85)
1.80 (0-92.20)
7.08 (13.69)
7.84 (15.92)
Percent of population of Hispanic ethnicity in 2010-2014
8.85 (12.60)
4.20 (0-76.10)
8.16 (13.59)
9.52 (11.50)
Percent of population living below the Federal Poverty Level in 201012.13 (8.44)
10.55 (0-66.70)
13.81 (9.26)
10.47 (7.16)
2014
Percent of population that completed at least some college as highest
61.85 (19.69)
63.60 (0-100)
60.20 (20.67)
63.50 (18.53)
education in 2010-2014
Percent of population speaking a language other than English at home
15.19 (17.13)
8.35 (0-88.20)
14.15 (18.72)
16.23 (15.33)
in 2010-2014
Percent of population covered by private health insurance in 2010-2014 71.23 (13.69)
73.30 (19.10-100)
69.25 (14.42)
73.20 (12.63)
Percent of population covered by public health insurance in 2010-2014
33.05 (10.47)
32.30 (1-80.30)
34.78 (10.90)
31.33 (9.74)
Median Household Income ($) in 2010-2014
64,242.48
56,889.00 (10,84857,395.62
71,088.53
(27,214.32)
250,001)
(23,282.59)
(29,084.95)
Urban-Rural Designation of ZIP codesb
Urban (Metropolitan) ZIP Codes in 2013
971 (73.8)
461 (70.2)
510 (77.4)
Rural (Non-Metropolitan) ZIP Codes in 2013
345 (26.2)
196 (29.8)
149 (22.6)
a.
b.

MannWhitney
U Test
P-Value

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.685

<0.001
0.004
0.003
<0.001
0.207
0.115
<0.001
0.018
0.002
<0.001
<0.001
<0.001
<0.001
0.003

Descriptive statistics are only listed for ZIP codes that did not fall within the CMS small cell exclusion policy.
For this variable, counts and frequencies are presented, in lieu of means and standard deviations, since it is a categorical variable. Additionally, the p-value listed for this variable relates to the pvalue for the chi-squared test of independence between it and Cesarean delivery incidence.
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Table 2.2 – Univariate and Multivariate Negative Binomial Regression Block Models with Generalized Estimating Equations Examining the Association of Neighborhood and Hospital
Characteristics with Cesarean Delivery Incidence at the ZIP Code Level in New York State, 2011-2014
Univariate Model
Hospital-Level Variables Block
Neighborhood-Level
Neighborhood-Level
Birth-Related Variables Block
Sociodemographic-Related Block
Ecological Measure (All by ZIP Code)
IRR
95% CI
P-Value
IRR
95% CI
P-Value
IRR
95% CI
P-Value
IRR
95% CI
P-Value
Hospital Procedure and Characteristic-Related Measures
Percent of births attended by a midwife in 2014
0.914 0.851-0.982
0.014
0.812 0.724-0.912
<0.001
Percent of births augmented in 2014
0.968 0.848-1.104
0.626
1.028 0.901-1.174
0.681
Percent of births induced in 2014
0.991
Percent of births that were VBAC in 2014
1.258
Percent of births in a teaching hospital in 2011-2014
1.633
Percent of births in a private hospital in 2011-2014
0.870
Percent of births in a religiously affiliated hospital in 2011- 0.982
2014
Neighborhood Health, Demographic, and Economic Measures
Birth-Related Variables
Mean age of patients giving birth (years), 2011-2014
0.787
Percent of births that were premature in 2011-2013
1.182
Percent of births that were low birthweight in 2011-2013
1.195
Percent of births covered by Medicaid or self-pay in 2011- 1.357
2013
Percent of births with late or no prenatal care in 2011-2013 1.353
Sociodemographic Variables
Percent of population black/African-American Race in
1.111
2010-2014
Percent of population of Hispanic ethnicity in 2010-2014
1.439
Percent of population living below the Federal Poverty
1.366
Level in 2010-201
Percent of population that completed at least some college
1.894
as highest education in 2010-2014
Percent of population speaking a language other than
0.870
English at home in 2010-2014
Percent of population covered by private health insurance
0.701
in 2010-2014
Percent of population covered by public health insurance
1.312
in 2010-2014
Median household income ($) in 2010-2014
0.729
Residing in an urban area (vs. rural)
4.979

0.867-1.133
1.111-1.425
1.329-2.008
0.713-1.062
0.831-1.160

0.897
<0.001
<0.001
0.171
0.829

0.971
1.224
1.415
0.775
0.917

0.865-1.090
1.064-1.409
1.224-1.635
0.679-0.884
0.802-1.049

0.617
0.005
<0.001
<0.001
0.208

0.666-0.930
1.125-1.243
1.144-1.249
1.178-1.563

0.005
<0.001
<0.001
<0.001

1.591
0.962
1.146
1.673

1.374-1.843
0.914-1.012
1.106-1.187
1.463-1.913

<0.001
0.132
<0.001
<0.001

1.253-1.462

<0.001

0.996

0.948-1.045

0.861

0.923-1.336

0.265

1.315

1.211-1.429

<0.001

1.177-1.760
1.238-1.508

<0.001
<0.001

1.090
1.084

0.929-1.280
0.996-1.179

0.290
0.062

1.617-2.219

<0.001

1.093

1.053-1.135

<0.001

0.825-0.918

<0.001

1.893

1.606-2.232

<0.001

0.610-0.805

<0.001

1.273

1.112-1.457

<0.001

1.176-1.464

<0.001

1.012

0.893-1.148

0.850

0.591-0.899
3.398-7.294

0.003
<0.001

0.880
1.950

0.788-0.982
1.595-2.385

0.023
<0.001
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Table 2.3 – Complete Multivariate Negative Binomial Regression Model with Generalized Estimating Equations Examining
the Association of Neighborhood and Hospital Characteristics with Cesarean Delivery Incidence
at the ZIP Code Level in New York State, 2011-2014
Ecological Measure (All by ZIP Code)
IRR
95% CI
P-Value
Hospital Procedure and Characteristic-Related Measures
Percent of births attended by a midwife in 2014
0.989
0.908-1.078
0.808
Percent of births augmented in 2014
1.041
0.962-1.126
0.315
Percent of births induced in 2014
0.981
0.915-1.051
0.585
Percent of births that were VBAC in 2014
0.963
0.896-1.036
0.314
Percent of births in a teaching hospital in 2011-2014
1.132
1.032-1.242
0.009
Percent of births in a private hospital in 2011-2014
0.958
0.897-1.023
0.200
Percent of births in a religiously affiliated hospital in 2011-2014
1.065
0.980-1.158
0.139
Neighborhood Health, Demographic, and Economic Measures
Birth-Related Variables
Mean age of patients giving birth (years), 2011-2014
1.026
0.930-1.132
0.606
Percent of births that were premature in 2011-2013
1.023
0.974-1.075
0.365
Percent of births that were low birthweight in 2011-2013
1.071
1.028-1.116
0.001
Percent of births covered by Medicaid or self-pay in 2011-2013
0.914
0.817-1.022
0.115
Percent of births with late or no prenatal care in 2011-2013
0.932
0.884-0.983
0.010
Sociodemographic Variables
Percent of population black/African-American Race in 2010-2014
1.289
1.204-1.380
<0.001
Percent of population of Hispanic ethnicity in 2010-2014
1.048
0.908-1.209
0.523
Percent of population living below the Federal Poverty Level in 2010-2014
1.088
1.001-1.182
0.048
Percent of population that completed at least some college as highest education in 2010-2014
1.087
1.046-1.129
<0.001
Percent of population speaking a language other than English at home in 2010-2014
1.920
1.597-2.308
<0.001
Percent of population covered by private health insurance in 2010-2014
1.117
0.956-1.306
0.164
Percent of population covered by public health insurance in 2010-2014
0.960
0.841-1.095
0.543
Median household income ($) in 2010-2014
0.836
0.761-0.920
<0.001
Residing in an urban area (vs. rural)
1.637
1.341-1.997
<0.001
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Figure 2.1. Map of Cesarean Delivery Incidence Rates Across New York State ZIP Codes (N=1,316 Zip Codes), 2011-2014
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Chapter 3 – Exploring How Multilevel Factors Associated with Patients, Physicians,
Hospitals, and Communities Affect Primary Cesarean Delivery Risk in New York State,
2011-2014
Introduction:
Childbirth is one of the most common reasons for hospitalization in the United States
(U.S.), accounting for 11.3% of all hospitalizations in 2014.1 The cost of maternity care
surpassed $60 Billion in the U.S. in 2012,2 and hospitalizations associated with pregnancy and
childbirth accounted for 5 of the 20 most expensive conditions for hospital stays covered by
Medicaid in 2013.3 While most births are delivered vaginally, the Cesarean delivery rate has
steadily increased in recent decades, from one-fifth of all births in 1996 (20.7%) to nearly onethird of all births (32.3%) in 2014 and is now one of the most commonly performed major
surgical procedure in the U.S.4 Compared to vaginal delivery, Cesarean delivery is substantially
costlier and has a higher rate of complicating conditions.5,6 Cesarean delivery can be a lifesaving procedure when medically indicated; however, if not medically necessary, the procedure
can present increased, potentially avoidable risk of various complications that can negatively
impact the short- and long-term health of both the mother and neonate.7
A sizable proportion of the increase in the rate of Cesarean delivery incidence in recent years
can be attributed to an increase in first time, or primary Cesarean delivery, as opposed to
repeated Cesarean delivery, which is often indicated for subsequent births following the first
Cesarean delivery.8 Since the mid-1990s, the primary Cesarean delivery rate has increased by
more than 50% (i.e., 14.5% in 1996 to 21.9% in 2017).4,9 Only about 10% of women have a
vaginal delivery after an initial Cesarean delivery.8 As such, reducing primary Cesarean
deliveries has been identified as an important public health initiative, and a ten percent reduction
(i.e., 26.5% to 23.9%) in the primary Cesarean delivery rate was specified as a Maternal, Infant,
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and Child Health goal within HealthyPeople 2020.10 (For the purposes of this paper, the use of
“Cesarean delivery” will exclusively apply to primary Cesarean delivery).
Cesarean delivery is established as being as a safer delivery option when certain
complications arise during pregnancy and/or labor.11,12 However, many common clinical
indications for a Cesarean delivery, such as obstructed labor, rely on the medical judgement of
the healthcare provider(s), and there is some evidence suggesting that a substantial portion of
Cesarean deliveries may lack major clinical indications for the procedure.4,11,13,14 In one large
U.S. multi-center study, as much as 45.6% of all Cesarean deliveries lack a major clinical
indication.11
Reducing the number of Cesarean deliveries that occur without a major indication may
require initiatives that target patients, physicians, hospitals, and communities.4 Numerous
patient-related sociodemographic characteristics are associated with increased Cesarean delivery
risk, including older age;15-18 black/African-American race;19-21 Hispanic ethnicity;19,22 and,
being foreign-born.22-25 Additionally, numerous pregnancy and labor complications have been
linked to an increased likelihood of Cesarean delivery, such as pre-eclampsia and gestational
hypertensive-related disorders;17,26 gestational diabetes;27 obstructed labor,28,29 fetal
malpresentation,11,17,29 and multiple gestation (more than 1 fetus).4,11,30
Characteristics of the treating physician have also been linked to increased patient risk of
Cesarean delivery. Firstly, patients whose presiding physician is male has been linked to higher
patient risk of Cesarean delivery,31-34 possibly due to differences in communication styles by
physician gender in obstetric practice.32,35 Secondly, having a physician who is a foreign medical
school graduate also increases patient risk of Cesarean delivery; 34,36 this association may also be
closely tied to physician nativity, as 81.3% of medical certifications provided in the U.S. to
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foreign medical graduates who have passed necessary examination were non-U.S. citizens.37
Physician-patient communication related to treatment decisions and sexual history-taking in
obstetric practice has been shown to differ by physician nativity, 38,39 potentially due to
differences in first language as well as clinical training differences in foreign and US medical
schools. The effect of physician nativity may be further complicated by patients who are also
foreign-born and whose first language is also not English. More research is needed, however, to
ascertain how physician nativity and medical school location specifically affect clinical decisionmaking related to childbirth.
Thirdly, pregnant women with younger physicians 40, physicians with fewer years in practice
(i.e., less clinical experience)41,42, and/or, physicians with a fear of being sued for malpractice43,44
have a higher risk of having a first-time Cesarean delivery than their counterparts. Physicians
with these characteristics may be more likely to perform a Cesarean because inexperience and/or
liability concerns may encourage them to practice medicine defensively and perform a Cesarean
delivery to clinically control the chaotic process of childbirth.31,40,45 Clinical decision-making
and expectations surrounding the birth process in less experienced clinicians may be additionally
influenced by patient populations that have a higher likelihood of having complex pregnancies
and labors that may necessitate a Cesarean delivery, such as older pregnant women.
High variation in hospital-specific Cesarean delivery rates across the U.S. that cannot be
explained by the clinical and sociodemographic makeup of their respective pregnant patient
populations suggests a role for hospital policies and practice in driving Cesarean delivery
rates.4,46,47 Private hospital ownership is associated with increased Cesarean delivery occurrence,
whereas patients in academically-affiliated hospitals appear to have a lower likelihood of firsttime Cesarean delivery.48 Some religiously affiliated hospitals may have policies and practices
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that are unfavorable towards certain procedures, such as removal of an ectopic pregnancy, 49-51
but there is no research on whether religious affiliation influences Cesarean delivery. While
evidence is also unclear as to whether characteristics of the birthing environment impact the
mechanism by which physician characteristics shape Cesarean delivery, it is reasonable to
assume that controlling interests of hospitals (e.g., private nonprofits, public entities) have an
influence over the policies and standard practices that govern clinical practice norms of
physicians practicing medicine within them. Teaching status of a hospital is another important
factor to consider, given the suggestion from previous studies of a protective factor related to
giving birth in an environment with advanced technological resources and staff availability often
present in academically-affiliated hospitals.33,52,53
Other hospital-level factors and procedures that have been associated with lower
Cesarean rates include having higher rates of vaginal births after a prior Cesarean delivery
(VBAC);54 a presence of midwifery care;47 and, higher level nurseries (i.e., neonatal intensive
care units).47 Labor induction may also be protective in reducing Cesarean delivery risk
compared to expectant management of labor onset in post-term pregnancies.4,55 Conversely,
labor augmentation may increase risk of Cesarean delivery, as the risk of maternal and neonatal
morbidity are associated with continued oxytocin augmentation, which could ultimately
complicate clinician decision-making surrounding performing a Cesarean delivery. 56
Patients, physicians and hospitals are all nested within communities, and community-level
factors may also influence Cesarean delivery risk. Studies have found that residing in
communities that are rural57,58 and lower socioeconomic status59 are associated with lower
Cesarean delivery rates. Additionally, previous studies suggest that neighborhoods in which a
higher proportion of the residents are black/African-American or Hispanic have a higher
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incidence of adverse perinatal health-related outcomes, such as preterm birth 60-63 and low
birthweight,64,65 which may impact Cesarean delivery rates. Racial/ethnic minorities and low
income populations have poorer access to health care and a higher likelihood of developing
conditions that increase the need for a Cesarean delivery. Higher proportions of these
populations in neighborhoods may shape practice behaviors of providers serving those areas,
leading to a lower threshold for clinical indication in determining that Cesarean delivery is
warranted.66-68
Regardless of the reasons why a first-time Cesarean delivery procedure is performed, having
an initial delivery by Cesarean increases risk of certain pregnancy complications in subsequent
deliveries (e.g., placental abnormalities) and dramatically increases the likelihood of repeat
Cesarean delivery to over 90%.12 Cesarean delivery increases the risk of a number of adverse
health outcomes in the mother, including overall severe morbidity, amniotic fluid embolism, and
mortality, and in the baby, including laceration; respiratory morbidity.4 Therefore, the reduction
of the Cesarean delivery rate is a public health priority, but the interplay among factors at multiple
levels of organization, including the patient, physician, hospital and community need to be better
understood in order to develop intervention targets. Factors at these multiple levels may be
independently associated with Cesarean delivery, or they may interact with each other in
complicated relationships that influence the likelihood of Cesarean delivery. In this paper, we
assess the role of these multilevel factors overall, as well as statistical interaction between patient
and physician age, patient and physician nativity, and physician gender and hospital ownership on
patient Cesarean delivery risk among patients in New York state from 2011 to 2014.
Methods
Data
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The variables used in these analyses come from a number of different data sources, which are
described below.
Sample Selection, Eligibility & Outcome Definition
The outcome for these analyses is Cesarean delivery amongst pregnant women who gave
birth within a New York State (including New York City) hospital between 2011 and 2014.
New York State has a population that is extremely diverse in terms of race/ethnicity, nativity,
socioeconomic status, and includes urban, suburban, and rural residents. The New York State
Department of Health is mandated by law to maintain a comprehensive hospital discharge data
collection system and repository (i.e., Statewide Planning and Research Cooperative System
(SPARCS)).69 Because Cesarean delivery is a surgical procedure that requires equipment and
services usually only available in a hospital setting, it is included in SPARCS inpatient data.
Procedural codes related to MS-DRGs, APR-DRGs, and ICD-9-CM) procedural codes in
the SPARCS data were used to identify women who gave birth during the time period of interest.
Those who had any diagnostic codes indicating a prior Cesarean delivery, indicating they were
not at risk for having a first-time Cesarean delivery, were excluded from this analysis, and
Cesarean Section was determined by MS-DRGs, the APR-DRGs, and ICD-9-CM procedural
codes that related to method of delivery (see Appendix B for specific codes).70
Patient-Level Characteristics
Data on patient age in years and pregnancy characteristics were also obtained from the SPARCS
data. Pregnancy characteristics determined based on ICD-9-CM hospital discharge diagnosis
codes listed in any diagnosis field included: gestational hypertension-related disorders (including
eclampsia; pre-eclampsia; and, gestational hypertension); maternal gestational diabetes; fetal
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malpresentation (including any breech presentation); obstructed labor; and multiple gestation
(see Appendix B for details on specific ICD-9-CM codes utilized).
We also linked birth certificate data to SPARCS data for our sample to obtain additional
demographic characteristics of the mothers in our dataset. Given data linkage restrictions, we
were only able to obtain birth certificate data for births that occurred in New York City and
therefore, these variables were only included in a sensitivity analysis restricted to births in New
York city. Specifically, we looked at an indicator for whether a patient was of black/AfricanAmerican race and of Hispanic ethnicity. We used race/ethnicity from birth certificates rather
than SPARCS because birth certificates have been found to be a more accurate source for this
information and hospital discharge data (see Appendix B for statistical comparisons of
black/African-American race and Hispanic ethnicity between hospital discharge and birth
certificate data).71 Additionally, we looked at an indicator for being foreign born (versus us
born) based on birth certificate data (nativity is not included in SPARCS data).
Physician-Level Characteristics
Data on physicians were purchased from the American Medical Association (AMA)
Physician Masterfile and augmented with information from publicly available sources from the
NYSDOH and the New York State Education Department Office of the Professions (NYSEDOP) License Verification Searching System.72-74 Physician sociodemographic data examined
included self-reported physician gender, age and nativity (foreign versus us born) from the AMA
Physician Masterfile. Years since graduating medical school and medical school location (i.e.,
U.S. or non-U.S. based) were obtained from the NYSED-OP and physician malpractice history
was obtained from the NYSDOH.
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Physician data was linked to patient SPARCS data on the six-digit medical license
number of the operating physician if that physician was an obstetrician or
obstetrician/gynecologist (OB/GYN); if the operating physician listed on record was not an
OB/GYN but the attending physician on record was, then we linked the data on medical license
number of the attending physician (see Appendix B for methodological details).
Hospital-Level Characteristics
Data on maternity procedural frequency included frequency of vaginal births in a hospital
that were VBAC, frequency of births with augmented labor, frequency of births with induced
labor, and frequency of births that were midwife-attended all for the year 2014, as well as the
size and NICU availability which indicates the capacity and resources of the hospital was
collected from NYS from the NYSDOH websites. This data was used instead of aggregating
individual patient data in hospital discharge data and assessing procedures with individual ICD9-CM codes because it is considered more accurate due to mandated reporting and multiple data
source accuracy cross-checking (i.e., NYSDOH uses information from both discharge and birth
certificate data). 75 Practice frequency variables were dichotomized at their respective median to
facilitate comparisons and statistical interpretations across other variables.
We also examined an indicator for hospital participation in the New York State Perinatal
Quality Collaborative (NYSPQC) Obstetrical Improvement Project to Reduce Late-Preterm (i.e.,
34 to 37 weeks gestation) Scheduled Cesarean Deliveries, led by the New York State
Department of Health’s Division of Family Health at some point between September 2010 and
November 2014.76 A listing of participating hospitals was provided by staff at the NYSPQC
within the NYSDOH. Additionally, each hospital’s perinatal regionalization rating was taken
from the NYSDOH website and included in this analysis, which ranges from Level 1 for small
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hospitals without a NICU to Level 4 for hospitals that operate NICUs and can handle the most
complex perinatal care.77
Finally, we looked at the teaching status; private ownership; and, religious affiliation of
the hospital. A hospital was coded as being a teaching hospital if they were listed as such in the
Open Payments Program of the Centers for Medicare & Medicaid Services for each year from
2011 through 2014.78 Additionally, any hospital listed as having non-government control in the
American Hospital Directory were coded as being a private hospital.79 Lastly, religiously
affiliation was defined as “Christian” if “church” was listed under type of control in the
American Hospital Directory.79
Independent Variable Data: Neighborhood-Level Characteristics
Data on neighborhood perinatal health and socioeconomic characteristics were taken
from three publicly available sources and linked to patient SPARCS data by their 5-digit ZIP
code of residence. Neighborhood perinatal health outcomes came from the NYS County/ZIP
Code Perinatal Data Profile, which is an aggregation of NYS and New York City (NYC) Vital
Statistics data including various perinatal health-related variables over a three-year time period
(2011-2013, the closest time period to that of our outcome).75 For these analyses, we included
data on the premature birth rate; proportion of births that were low birthweight; proportion of
births for which medical fees were covered by Medicaid or self-pay, and the proportion of births
for which the mother had late (i.e., 3rd trimester) or no prenatal care.
Variables related to the overall socioeconomic health of the patient’s neighborhood of
residence were taken from the American Community Survey (ACS), which is conducted
annually by the U.S. Census Bureau and includes socioeconomic, demographic, and housing data
on individuals in the U.S.80 The ACS is available in five-year estimates; the 2010-2014 iteration
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was used for this study. Variables included in these analyses were: proportion of residents in a
neighborhood who were Black/African-American, proportion of residents in a neighborhood
who were with Hispanic ethnicity, and proportion of residents in a neighborhood living below
the Federal Poverty Line. Similar to the aforementioned hospital practice variables, rate variables
were dichotomized at their respective median to facilitate comparisons and statistical
interpretations across other variables.
Lastly, the urbanization of residential ZIP codes, as determined by the National Center
for Health Statistics (NCHS) 2013 classification of residential ZIP codes. was included.81 Patient
residential ZIP codes were coded as either being urban/metropolitan (i.e., large central metro;
large fringe metro; medium metro; and, small metro) or rural/nonmetropolitan (i.e., micropolitan
and noncore).
Statistical Analysis
Frequencies for each predictor variable were calculated both overall and by method of
delivery (i.e., vaginal birth vs. Cesarean delivery). Additionally, significant differences were
assessed for all predictor variables by method of delivery, with the Chi-square test used to assess
statistical significance for categorical predictor variables; for age, the sole continuous variables
an independent two-sample two-tailed t-test was used for numeric variables.
Block multivariate modified Poisson regression, utilizing a log-link function estimation
to produce relative risks with robust error variances, was conducted within generalizing
estimating equations (GEE) modeling to account for geographic clustering.82,83 Univariate
Moran’s I was calculated (see Aim I), which suggested geospatial clustering of high and low
Cesarean delivery rates in ZIP codes, respectively. Therefore, the autoregressive first-order
correlation structure was chosen using county of patient residence to account for clustering.84
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Quasi likelihood under independence model criterion (QIC) was used to assess model fit
improvement by progressive block inclusion.85
Block regression modeling was conducted with groups of variables added to the model in
progressive blocks starting with patient-specific variables, followed by the addition of physicianspecific variables, then hospital-specific variables, and finally, neighborhood-specific variables.
Given that maternal black race, Hispanic ethnicity, and nativity were only available for NYC
births, a separate block regression model for NYC births only was conducted including these
three variables in the progressive stepwise model building.
Lastly, multiplicative interaction terms were added in the final regression model for all
births for physician age and patient age, as well as physician gender and hospital ownership.
Within the NYC birth cohort, a multiplicative interaction term was added to account for
physician nativity and patient nativity. Statistical significance for all testing was determined at
the α=0.05 level. Data management was conducted with SAS Version 9.3 (Cary, NC), and data
analysis was conducted with SPSS Version 24 (Chicago, IL).
Results:
Descriptive Statistics – Overall
Table 3.1 describes the sample of women giving birth in New York State and New York
City 2011-2014 included in these analyses overall and by method of delivery. A total of
N=712,230 women gave birth in a New York state who had never had a Cesarean delivery prior
to their current pregnancy. Overall, 7.6% of women had a gestational hypertension-related
disorder, 6.4% had gestational diabetes, 8.2% had some form of fetal malpresentation, 2.2% had
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some form of obstructed labor, and, 1.9% had multiple gestations. The mean age of pregnant
women in the sample was 28.82 years (SD=6.05).
The majority of the obstetric physicians who presided over these deliveries were 40 years
old and older (80.9%), male (50.2%), US-born (66.4%), had no malpractice claims (82.0%), had
attended medical school in the United States (73.4%), and had graduated from medical school
≥16 years ago (63.3%). Within hospitals, slightly more than half of births (50.2%) occurred in
hospitals with lower rates of VBAC births (i.e., less than 11.2%), lower rates (50.5%) of births
with induced labors (i.e., less than 26.8%), lower rates (50.5%) of births had induced labors (i.e.,
less than 18.8%), and lower rate of births less than 1.4% of births were attended by midwives
(50.7%). Almost two-thirds of births overall occurred in hospitals there were either Level 3
(36.7%) or Level 4 (30.3%). The majority of birth (81.9%) were in a hospital that participated in
the NYSPQC obstetrical improvement project to reduce scheduled late preterm Cesarean
deliveries without medical indication. In addition, most births occurred in a hospital with
teaching status (82.4%), hospitals under private ownership (87.5%), and hospitals without a
religious affiliation (89.3%).
Within patient neighborhoods, about half of births occurred in ZIP codes with higher
rates of premature birth rate of 10.9% or less (51.4%), a low birthweight rate of more than 11.2%
(49.8%), a rate of births covered by Medicaid greater than 53.0% (49.4%), and a rate of births
with late or no prenatal care of less than 4.8% (51.5%). . Lastly, most births (94.5%) occurred in
residents of urban neighborhoods.
Regarding overall differences in New York City, patterns related to the overall
distribution of maternal characteristics were similar except that a slightly smaller proportion of
women were diagnosed with fetal malpresentation (6.9%) and obstructed labor (1.7%), and the
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average age of pregnant women overall was slightly older (29.03 years, SD=6.15). Concerning
physician characteristics, there were larger proportions among births in NYC of female
physicians (54.7%), foreign-born physicians (43.1%), and physician who graduated in the last 15
years from medical school (58.5%). Within hospital characteristics, patterns in NYC were
similar to NYS except that there were slightly more births with higher rates of VBAC births
(59.6%), more births with lower rates of births with augmented labors (63.7%), and nearly all
births in hospitals without a religious affiliation (99.4%). Additionally, all births in NYC
occurred in a hospital with teaching status (100%). Lastly, neighborhood characteristics among
births in NYC were similarly distributed to those in NYS overall, except there was a higher
proportion of births in ZIP codes with higher rate of births covered by Medicaid (65.0%), births
with late or no prenatal care (61.6%), and births in neighborhoods with higher proportions of
residents who were black/African-American (58.1%), Hispanic (66.6%), and those living below
the Federal Poverty Level (66.4%), respectively.
Descriptive Statistics – By Method of Delivery
Across NYS, each of the five included clinical characteristics of pregnancy (i.e.,
gestational hypertensive-related disorders, gestational diabetes, fetal malpresentation, obstructed
labor, and multiple gestation) were significantly more prevalent among women who had a
Cesarean delivery (p<0.001). Women who had a Cesarean delivery were, on average, older
(29.66 years old) than women who had a vaginal delivery (28.56 years old) (p<0.001). Among
physician characteristics, cesarean deliveries were significantly more commonly performed by
younger physicians (p<0.001), male physicians (p<0.001); physicians born in the US (p=0.005);
and, physicians who were foreign medical school graduates (p<0.001).
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Within hospitals, significantly more vaginal births occurred in hospitals with higher rates
of VBAC (p<0.001), lower rates of births with augmented labors (p=0.029), and higher rates of
midwife-attended births (p<0.001). Additionally, the proportion of births occurring at Level 3
and 4 hospitals was significantly higher amongst Cesarean deliveries (p<0.001). The proportion
of Cesarean deliveries was also higher among hospitals that participated in the NYSPQC
obstetrical improvement project (p=0.001), hospitals with religious affiliation (p<0.001), and
privately owned hospitals (p<0.001).
The proportions of Cesarean deliveries were higher within patient residential ZIP codes
with higher rates of premature birth and low birthweight, whereas the proportion of vaginal
births was higher within patient residential ZIP codes with higher rate of births covered by
Medicaid (p<0.001). A larger proportion of Cesarean births occurred in patient residential ZIP
codes with births with higher rate of late or no prenatal care and residents who were
black/African-American (p<0.001); conversely, a greater percentage of vaginal births occurred in
ZIP codes with higher rates of residents living below the Federal Poverty Level (p<0.001).
Lastly, a slightly larger proportion of vaginal births occurred in patients who lived in rural areas
(p=0.019).
Blockwise Regression Models for Births in New York State
Within the model including only patient-level factors (Table 3.2, Model 1), pregnant
women with the following clinical characteristics of pregnancy had a significantly higher risk of
Cesarean delivery compared to those who did not, respectively: women with a gestational
hypertensive-related disorder had 79% higher risk; women with gestational diabetes had 26.6%
higher risk; women with fetal malpresentation had 285% higher risk; women with obstructed
labor had 8% higher risk; and, women with multiple gestation pregnancies had a 37.1% higher
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risk of a Cesarean delivery (all p<0.001). Additionally, the risk of Cesarean delivery increased
by 10% for each year increase in patient age (p<0.001). (Table 3.2, Model 1)
Adding physician-level characteristics to the model (Table 3.2, Model 2), we found that
even after adjusting for patient clinical pregnancy and sociodemographic characteristics, having
a male physician presiding over the birth was associated with 1.05 times the risk of Cesarean
delivery compared to having a female physician (p<0.001). Patients of physicians who were
foreign-born, as well as patients whose physician attended a foreign medical school, had a 1.02
higher risk of Cesarean delivery (p<0.001) compared to those whose physician was US-born and
attended a US-based medical school, respectively. All patient-level factors remained
significantly associated with Cesarean delivery after adjusting for physician characteristics.
(Table 3.2, Model 2)
After adding hospital characteristics to the model (Table 3.2, Model 3) with patient and
physician characteristics, all patient-level characteristics remained significant predictors of
Cesarean delivery risk in the model. Additionally, physician gender and medical school location
remained significant in this model, and time since graduating medical school was newly
negatively associated with patient Cesarean delivery risk (RR: 0.98; p<0.001) (Table 3.2, Model
3). Amongst hospital-level predictors in the model, women who gave birth in hospitals with
higher rates of VBAC births had significantly lower rates of Cesarean delivery (RR: 0.83;
p<0.001) as did women giving birth in hospitals with higher rates of induced labor (RR: 0.97;
p<0.001). While women giving birth in hospitals with higher rates of augmented labor had an
increased rate of Cesarean delivery (RR: 1.03; (p<0.001), women giving birth in hospitals with
higher rates of midwife-attended birth had a slightly reduced risk of Cesarean delivery (RR:
0.98; p=0.004). The risk of Cesarean delivery was also significantly higher for births that
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occurred in hospitals with a level two perinatal regionalization level (RR: 0.97; p=0.001) as well
as hospitals with a level four (the highest) perinatal regionalization level (RR: 0.97; p<0.001).
Lastly, within this model, patients giving birth in privately owned hospitals had increased risk of
Cesarean delivery (RR: 1.07; p<0.001), where patients giving birth in hospitals with teaching
status had a slightly reduced risk of Cesarean delivery (RR: 0.98; p=0.007).
Model 4 includes all variables at the patient-, physician-, hospital- and neighborhoodlevel (Table 3.2). In Model 4, patient risk of Cesarean delivery was higher for residents of
neighborhoods with higher rates of premature birth (RR: 1.06; p<0.001) and low birthweight
births (RR: 1.06; p<0.001). Conversely, higher rates in patient residential ZIP codes of births
covered by Medicaid was significantly negatively associated with individual patient Cesarean
delivery risk (RR: 0.97; p<0.001). Additionally, pregnant women had a higher likelihood of
Cesarean delivery when they resided in ZIP codes with higher rates of births with late or no
prenatal care (RR: 1.08; p<0.001), residents who identified as black/African-American (RR:
1.03; p<0.001), and residents who identified as Hispanic (RR: 1.02; p=0.005). Lastly, patients
had lower risk of Cesarean delivery when they resided in ZIP codes with higher rates of residents
living below the Federal Poverty Level (RR: 0.89; p<0.001) as well as in urban ZIP codes (RR:
0.95; p<0.001), respectively. (Table 3.2, Model 4)
All patient- and physician-level variables that were significant in Model 3 remained
significant in Model 4; physician nativity became significantly positively associated with patient
Cesarean delivery risk (RR: 1.02; p=0.005) in the final model. The association of increasing rates
of hospital-level VBAC birth rate, induced labor, augmented labor, and midwife-attended births,
as well as hospital perinatal regionalization (i.e., level 2 and 4, respectively) remained significant
in Model 4. Additionally, patients who delivered in hospitals that participated in the NYSPQC
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initiative had a lower risk of Cesarean delivery (RR: 0.97; p=0.002). Both religious affiliation
and hospital private ownership also remained significant predictors of Cesarean delivery in
Model 4.
The interaction term for physician age and patient age, when added to model 4, was not
statistically significant (p=1.000). However, the interaction term for physician gender and
private hospital ownership was statistically significant in the final model (RR: 1.050; 95% CI:
1.014-1.087) (p=0.006). When the final model was stratified by private hospital ownership, the
relationship between physician gender was only significantly present among births within
privately owned hospitals (RR: 1.04; 1.03-1.05) but not among births within non-privately
owned hospitals (RR: 0.98; 0.94-1.02) (see Appendix B). Additionally, three predictor variables
(i.e., percentage of births with augmented labors within a hospital, percentage of births that were
midwife-attended within a hospital, and, percent Hispanic population in a patient residential ZIP
code) that were statistically significant risk factors within the privately owned hospital births
only model were actually statistically significant protective factors within the non-privately
owned hospital births only model. Conversely, patients living in urban ZIP codes had lower rates
of Cesarean delivery in private hospitals, but higher rates of Cesarean delivery in non-private
hospitals.
Lastly, the quasi likelihood under independence model criterion continued to decrease
with the addition of each respective variable block (see Appendix B), indicating improvements in
model fit.
Blockwise Regression Models – NYC Subsample
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Table 3.3 displays the regression model results for births in New York City from 2011
to2014, which includes the addition of maternal nativity and race/ethnicity. In the interest of
brevity, we only present the results from the final model including patient-, physician-, hospitaland neighborhood-level factors (Table 3.3, model 4). As with the NYS model in Table 3.2, all
clinical characteristics of pregnancy were positively associated with Cesarean delivery risk
(p<0.001). Foreign-born women had a significantly lower risk of Cesarean delivery than USborn women (RR: 0.98; p=0.023), whereas black/African-American and Hispanic women had
higher risk of Cesarean delivery (i.e., black/African American: RR=1.15, p<0.001; Hispanic:
RR=1.04, p=0.009). Like in the NYS model in Table 3.2, patient Cesarean delivery risk slightly
increased with each year of increasing maternal age (RR: 1.02; p<0.001).
Only physician nativity (RR: 1.03; p=0.006) and physician malpractice history (RR: 0.95;
p<0.001) were significant physician-level predictors of Cesarean delivery in the final model.
However, numerous hospital-level variables (i.e., percentage of VBAC births, percentage of
midwife-attended births, level 2 and 3 hospital perinatal regionalization level, religious
affiliation, and private ownership) were associated with Cesarean delivery (p<0.001).
Additionally, at the patient ZIP code level, all ecological perinatal health measures (i.e.,
percentage of premature birth (p<0.001), low birthweight births (p<0.001), births covered by
Medicaid (p=0.004)), and births with late or no prenatal care in a ZIP code (p<0.001)) were
significantly associated with Cesarean delivery. Additionally, higher rates of people living below
the Federal Poverty Level in patient ZIP codes reduced patient risk of Cesarean delivery
(p<0.001). All factors that were significant in Model 4 among NYC births were significant in
Model 4 in Table 3.2 among NYS births, with the exception of physician malpractice history.
Lastly, there was no significant interaction between patient and physician nativity in the NYC
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sample (p=0.884), between physician and patient age (p=0.178), or physician gender and private
hospital ownership (p=0.056) within the NYC subsample.
Discussion:
Overall Findings
The results of this study demonstrate that the reasons behind the high rates of Cesarean
delivery in the US are likely working across multiple levels of organization including patient
clinical and demographic factors, physician characteristics and training, hospital characteristics,
as well as community delivery risk profiles and population race/ethnicity and income
characteristics. Our findings at the patient level are generally consistent with previous research
in that, even after adjusting for physician, hospital and neighborhood factors, clinical risk factors
(e.g., gestational diabetes,27 gestational hypertensive-related disorders,17,26 obstructed labor,28,29
fetal malpresentation,29 and multiple gestation30) as well as patient age,15-18 race/ethnicity,19-22,25
and nativity23-25 impact Cesarean delivery rate. These clinical factors, as well as patient age, have
been strongly linked with increased Cesarean delivery likelihood, potentially due to increased
likelihood (or the clinical perception of this potential increased likelihood) of complications
during labor and delivery associated with these factors. Regarding race and ethnicity, the NYCspecific analysis with supports previous findings in the literature of a disparity among Hispanic
and black/African-American women related to Cesarean delivery in NYC.24 These results also
lend credence to the notion that foreign-born women may have unique obstetric needs related to
their pregnancy and childbirth different from their US-born counterparts, possibly related to their
preconception or interconception experiences and health status.24,25
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Furthermore, numerous physician characteristics were associated with Cesarean delivery
rate and echo previous literary findings, including physician male gender,31-34 non-US
nativity,36,37 training in a foreign medical school,36,37 and clinical practice experience.41,42
Previous literary findings suggests that risk differences due to both gender and nativity may
relate issues related to patient-physician communication, which may be particularly detrimental
during a chaotic labor and delivery process where the obstetric physician is communicating
about the pregnant woman and fetus to with many other individuals (e.g., midwives, nurses,
technicians, anesthesiologists, family members of the woman) and the pregnant woman may be
under too much duress to communicate effectively.32,35 This could be further complicated if the
physician speaks a first language other than English, or if they received their medical training at
a foreign medical school where terminology, thresholds, and clinical scenarios may be different
than what they routinely experience in the United States.
Additionally, in the NYS model, there was significant interaction between physician
gender and private hospital ownership; specifically, patients with male obstetric physicians had a
significantly higher likelihood of having a Cesarean delivery in privately owned hospitals, but
not in non-privately owned hospitals. This implies that the role of physician gender only matters
in certain birth environments, which may relate to a distinct difference in administrative culture
related to physician autonomy, actual time spent with patients, and the ultimate role of
physicians in clinical decision-making surrounding method of delivery in patients.46 While
physician malpractice history is often cited in the literature as a motivating factor for increasing
the likelihood of a physician performing a Cesarean delivery, it was not found to be so in our
analysis for NYS births and it actually decreased Cesarean delivery likelihood within the final
NYC model. While the practice of “defensive medicine” will likely remain a concern related to

79

malpractice avoidance in all areas of clinical practice for years to come,43,45 its lacking influence
on increasing patient risk in this analysis suggests that the clinical decision-making process
related to the decision to perform a Cesarean delivery is more complex than simply physicians
reducing their likelihood of being sued.
Moreover, there was no significant statistical interaction between patient and physician
age as well as physician and patient nativity. While the specific reasoning as to why is unclear, it
is possible that the lack of interaction relates to the distinct influence that patient age and nativity
have on shaping clinical profiles and decision-making related to childbirth that reaches beyond
the influence of the presiding physician to the hospital environment and the roots of obstetric
medical training.
Moreover, several hospital-level characteristics were also linked to patient risk of
Cesarean delivery. All four, included maternity-related hospital practice variables (i.e., frequency
of VBAC births, frequency of births with induced labors; frequency of births with augmented
labor; and, frequency of midwife-attended births) were significantly associated with Cesarean
delivery likelihood in patients. Specifically, higher rates of VBAC were found to be related to
lower risk of Cesarean delivery, which mirrors previous literary findings that allude that
hospitals with higher rates of VBAC may have administrative cultures that place more intrinsic
value on vaginal birth.54,86 Additionally, a higher rate of birth with induced labor was found to be
associated with significantly reduced risk of Cesarean delivery. Although the specific link
between this procedure and risk for Cesarean delivery remains unclear, this association may
lend support to notion that induction, over expectant labor management of post-term pregnant
women (i.e., waiting for a pregnant woman who is overdue to go into labor spontaneously), may
be protective of patient Cesarean delivery likelihood.55 Conversely, higher rates of labor with
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augmented births as well as higher rates of midwife-attended births lead to higher risk of
Cesarean delivery. Unlike induction, the positive association between labor augmentation and
patient Cesarean delivery risk may relate to how labor augmentation is often provided when
issues related to labor progression arise.56 Additionally, previous evidence has suggested
oxytocin administration (a common pharmacological choice for labor augmentation) can alter
natural labor progression in women,14,56 which could hinder the likelihood that a patient will
have a vaginal delivery.
Additionally, the association of slightly increased risk of Cesarean delivery with higher
rates of midwife-attended births in hospitals may relate to the fact that midwives in hospitals
often preside over lower risk pregnancies and deliveries, and, in the event of a complication
during labor and delivery, a physician that has not been present during the entire clinical case
may choose to perform a Cesarean delivery to avoid further complications and morbidity. Future
research should unpack how these hospital procedures may relate to clinical practice in hospitals
that puts patients at a higher likelihood to receive a Cesarean delivery for the first time.
Additionally, numerous hospital characteristics were also found to be associated with
Cesarean delivery risk, such as perinatal regionalization level, participation in a statewide quality
improvement initiative to reduce scheduled late pre-term Cesarean deliveries without medical
indication, religious affiliation, and, private ownership. Specifically, compared to hospitals with
the least amount of perinatal resources related to complex neonatal care (i.e., level 1), hospitals
at both level 2 and level 4 had lower rate of Cesarean delivery. Although the reason for this is
uncertain, it could relate to the ability to handle more complex care with additional resources in
more advanced hospital settings than hospitals with the least amount of perinatal resources.47
Moreover, patients that gave birth in hospitals that participated in an optional, statewide quality
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improvement initiative to reduce a specific Cesarean delivery indication (i.e., scheduled latepreterm Cesarean deliveries without medical indication) had an overall lower risk of Cesarean
delivery for any indication. This result posits that participation in method of delivery-related
quality initiatives could have a “ripple effect” in impacting clinical practice and norms in other
areas of clinical practice surrounding childbirth. Future studies should ascertain whether the
effect of other obstetric quality initiatives has a similar effect on method of delivery outcomes in
other settings and states.
Additionally, patients giving birth in religiously affiliated hospitals experienced a slightly
reduced risk of Cesarean delivery, while those giving birth in hospitals that were privately owned
had a marginally higher risk of Cesarean delivery. Although supportive evidence is limited, it
could be due to the availability of resources to handle complex pregnancies and labor and
deliveries in these hospitals; religiously affiliated hospitals may have less available funding and
resources than non-religiously affiliated, private hospitals to handle higher risk patients, and
therefore, may attract patients that have a lower risk of having a Cesarean delivery. Additionally,
the reduced risk of Cesarean delivery in religiously affiliated hospitals, in particular, may be due
to an administrative culture that is more favorable towards vaginal birth, which encourages
future procreation (a key tenant of Christianity and Catholicism) as vaginal birth increases the
likelihood of uncomplicated future pregnancies. Given that all religiously affiliated hospitals in
our sample were also privately owned, however, additional research should ascertain what
specific aspects of hospital type impact obstetric operations and shape clinical policy and
practice in a way that shapes method of delivery outcomes.
Lastly, the characteristics of the neighborhood in which a patient resides, including the
general perinatal risk profile of its residents, were found to be significantly associated with
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Cesarean delivery risk even after controlling for patient-level, physician-level, and hospital-level
factors. Higher rates of adverse birth outcomes (i.e., low birthweight and premature birth) as well
as higher rate of late or no prenatal care among neighborhood residents were found to increase
individual patient Cesarean delivery risk independent of the patient’s individual risk factors and
demographic characteristics. This suggests the patient profile of a population served by a
hospital may impact patient care decisions, and potentially the expectations of clinicians
practicing in these areas, independent of patient factors. Thus, hospitals and physicians within
hospitals that see a higher risk patient group may be more likely to recommend Cesarean
delivery even to patients with less evidence of a clinical indication for the procedure out of habit
or fear of potential negative outcomes if they are less conservative with their approach.
Furthermore, the reduced risk of Cesarean delivery in neighborhoods with higher rates of
births covered by Medicaid and percent living below the Federal Poverty Level, may echo
previous study findings related to higher rates of overall Cesarean delivery in communities are
associated with higher rates of privately insured individuals, which is something to which lowincome individuals have reduced access.68,87 The increased risk of individual patient Cesarean
delivery risk seen in this analysis in patient residential ZIP codes with higher rates of Hispanic
and African-American residents supports the notion that racial and ethnic minority populations,
whose suffering from numerous health disparities is well documented,22 also experience
disparities related to Cesarean delivery. Lastly, the likelihood of Cesarean delivery among
patients living in urban ZIP codes is supported by previous findings, which suggest that rural
areas having poorer access to routine obstetric care and complex neonatal care that may increase
Cesarean delivery likelihood, especially among higher risk women.
Limitations
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This study had numerous limitations. First, the use of hospital discharge data did not
include some variables that might have been of interest and could have confounded our results,
such as placental abnormalities and maternal body mass index. It also means that we excluded
deliveries that occur outside of a hospital setting, which are likely lower risk and would be
brought to the hospital if a Cesarean delivery was indicated. This means that our rate estimates
for cesarean delivery are an overestimation. However, fewer than 1.5% of births occur outside of
a hospital, so this should not have a large impact on our results.88 Second, given the usage of
numerous data sources, including hospital discharge data and some data sources that were on
publicly available websites, it is likely that some data may be subject to misclassification, from
coding errors and data translation errors. Third, while many predictors were included in this
analysis, the possibility for residual confounding exists, as the childbirth process is complex and
influenced by myriad factors, including some that may not have been included in this analysis.
Fourth, we did not have data on patient opinions and attitudes surrounding their birth experience,
which is vital in understanding the cascade of clinical decision-making (that includes the
pregnant woman at some level) that ultimately decides the method of delivery. Fifth, while
numerous hospital variables were included to characterize the hospital environment, it is possible
that the variables chosen do not thoroughly depict the most influential aspects of the hospital
environment related to clinical practice norms and administrative culture as well as those that
may interact with physician characteristics. Lastly, this analysis was cross-sectional with factors
across multiple levels of organization and thus, is not able to ascertain the causal relationship
between multiple predictors and patient Cesarean delivery risk. For example, it is unclear if
lower risk of patient Cesarean delivery risk in hospitals that participated in the NYSPQC
initiative represents an improvement due to the intervention itself or if hospitals that participated
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in the voluntary program encouraged vaginal births and had different administrative cultures
towards Cesarean delivery than those that did not.
Policy Implications & Future Research
Despite these limitations, this study is, to our knowledge, one of the first to look at
predictors of Cesarean delivery at the patient, physician, hospital and neighborhood level and
suggests multiple levels for intervention. While the inclusion of clinical and sociodemographic
factors associated with higher risk pregnancies, labors, and deliveries is not exhaustive, the
significant association of non-clinical factors, such as physician, hospital, and patient residential
neighborhood characteristics suggests that some Cesarean deliveries may not be medically
essential. Instead, it could be possibly due to “standard practice” within different practice groups,
hospitals, and health systems; clinical expectations of patient populations by providers and
hospitals and the perception of the utility of Cesarean delivery in these populations; clinical
confidence in performing a Cesarean delivery by a provider or hospital staff over a vaginal
delivery; and/or something else entirely. This literature adds further context to the prevailing
notion in recent literature that suggests wide variation in Cesarean delivery rates among hospitals
across the U.S. that cannot be explained by patient clinical and sociodemographic characteristics
alone.46,47 Therefore, hospitals and health providers must take a greater role and ownership over
their role in shaping childbirth clinical practice expectations and “standard practice” that shapes
the likelihood of what method of delivery pregnant women are at risk for beyond the
characteristics of their own individual pregnancy. Additionally, while professional organizations,
such as the American College of Obstetricians and Gynecologists (ACOG), have advocated for
safely reducing the Cesarean delivery rate through clinical practice guidelines,4 initiatives and
advocacy actions from influential hospital accrediting bodies have been noticeably quiet. The
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demonstrated success of the included participation on a childbirth-related quality improvement
project from the NYSDOH by hospitals in reducing patient risk of having a Cesarean delivery
suggests possible future avenues for larger scale initiatives to reduce potentially avoidable
Cesarean deliveries. Additionally, upcoming initiatives by large, influential hospital accrediting
organizations, such as the effort by the Joint Commission to publicly report high Cesarean
delivery rates of hospitals starting in 2020,89 may start to pressure hospitals to act on reducing
possibly unnecessary Cesarean delivery rates from the top-down.
Numerous opportunities for future research exist. This multilevel quantitative analysis
could be greatly complimented by qualitative research that may seek to ascertain what qualities
of factors that were found to increase or decrease risk of Cesarean delivery actually characterize
facets of the childbirth process, respectively, particularly among physicians, hospitals, and
patient neighborhoods, Secondly, numerous predictor variables had a differing impact (i.e., either
a risk effect or protective effect) on patient Cesarean delivery risk depending on whether or not
they occur in a private hospital. It is reasonable to assume that different forces impact clinical
practice culture and expectations surrounding childbirth in privately owned and non-privately
owned hospitals, future research must be conducted to ascertain how hospital ownership impacts
how aspects of childbirth-related clinical practice and sociodemographic compositions of
neighborhoods affect individual patient Cesarean delivery risk.
In conclusion, the Cesarean delivery rate is a vital public health concern as a first-time
Cesarean delivery puts additional risk of morbidity and mortality to both the mother and neonate,
and also increases the risk of the potential future pregnancies of the mother. The need exists for a
concerted effort to incorporate a comprehensive strategy across clinicians, hospitals, and key
community stakeholders and influential organizations to impact the multifaceted influences of
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Cesarean delivery among pregnant women in New York state. Without it, a great disparity will
continue to persist among numerous groups of pregnant women, from internal and external
forces, that may put both them and their children at unnecessary risk for increased morbidity and
mortality during their childbirth.
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Table 3.1 – Description of the Sample of Women Giving Birth in New York State Hospitals, 2011-2014 Overall and by Method of
Delivery (Vaginal versus Cesarean)
New York State
Overall
Variable
Total N (%)
Maternal Characteristics
Gestational Hypertension-Related Disorders, N
(%)
Yes
No
Gestational Diabetes, N (%)
Yes
No
Fetal Malpresentation (Including Breech
Presentation), N (%)
Yes
No
Obstructed Labor, N (%))
Yes
No
Multiple Gestation (More than 1 Fetus), N (%)
Yes
No
Age, mean, SD (N)
Physician Characteristics
Physician Age, N (%)
39 Years Old and Younger
40 Years Old and Older
Physician Gender, N (%)
Male
Female
Physician Country of Birth, N (%)
Non-United States
United States
Physician Malpractice History, N (%)
At Least 1 Malpractice Claim
No Malpractice Claims
Physician Medical School Location, c
Non-United States
United States

New York City

712,230

Vaginal
Delivery
543,944 (76.4)

Cesarean
Delivery
168,297 (23.6)

PValuea
NA

166,962

54,362 (7.6)
660,730 (92.4)

30,609 (56.3)
513,335 (78.0)

23,753 (43.7)
144,544 (22.0)

<0.001

12,657 (7.6)
154,305 (92.4)

45,541 (6.4)
669,551 (93.6)

30,595 (67.2)
513,349 (77.0)

14,946 (32.8)
153,351 (23.0)

<0.001

58,599 (8.2)
656,493 (91.8)

13,733 (23.4)
530,211 (81.1)

44,866 (76.6)
123,431 (18.9)

15,484 (2.2)
699,608 (97.8)

8,226 (53.1)
535,718 (76.9)

7,258 (46.9)
161,039 (23.1)

13,464 (1.9)
701,628 (98.1)
28.82, 6.05
(712,241)

3,368 (25.0)
540,576 (77.1)
28.56, 5.95
(543,944)

10,096 (75.0)
158,201 (23.0)
29.66, 6.29
(168,297)

108,272 (19.1)
459,958 (80.9)

80,108 (74.0)
345,398 (75.1)

284,471 (50.2)
281,999 (49.8)

Vaginal
Delivery
127,941 (76.6)

P-Valuea

Cesarean
Delivery
39,021 (23.4)

NA

7,259 (57.4)
120,682 (78.2)

5,398 (42.6)
33,623 (21.8)

<0.001

11,120 (6.7)
155,842 (93.3)

7,599 (68.3)
120,342 (77.2)

3,521 (31.7)
35,500 (22.8)

<0.001

<0.001

11,499 (6.9)
155,463 (93.1)

2,517 (21.9)
125,424 (80.7)

8,982 (78.1)
30,039 (19.3)

<0.001

<0.001

2,911 (1.7)
164,051 (98.3)

1,398 (48.0)
126,543 (77.1)

1,513 (52.0)
37,508 (22.9)

<0.001

<0.001

2,984 (1.8)
163,978 (98.2)
29.03, 6.15
(166,962)

742 (24.9)
127,199 (77.6)
28.72, 6.03
(127,941)

2,242 (75.1)
36,779 (22.4)
30.07, 6.43
(39,021)

28,164 (26.0)
114,560 (24.9)

<0.001

27,116 (19.9)
109,464 (80.1)

20,270 (74.8)
83,654 (76.4)

6,846 (25.2)
25,810 (23.6)

<0.001

211,689 (74.4)
212,485 (75.3)

72,762 (25.6)
69,501 (24.7)

<0.001

61,680 (45.3)
74,353 (54.7)

46,766 (75.8)
56,763 (76.3)

14,914 (24.2)
17,590 (23.7)

0.025

164,556 (33.6)
325,772 (66.4)

123,629 (75.1)
243,539 (74.8)

40,916 (24.9)
82,212 (25.2)

0.005

47,905 (43.1)
63,321 (56.9)

36,500 (76.2)
48,015 (75.8)

11,405 (23.8)
15,306 (24.2)

0.161

105,984 (18.0)
483,820 (82.0)

79,438 (75.0)
362,715 (75.0)

26,541 (25.0)
121,047 (25.0)

0.885

32,673 (18.0)
109,906 (82.0)

25,174 (77.0)
83,521 (76.0)

7,499 (23.0)
26,385 (24.0)

<0.001

167,364 (26.6)
460,797 (73.4)

124,440 (74.4)
346,630 (75.2)

42,905 (25.6)
114,119 (24.8)

<0.001

44,737 (29.0)
109,663 (71.0)

33,743 (75.4)
83,906 (76.5)

10,994 (24.6)
25,757 (23.5)

<0.001

<0.001

Overall
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<0.001
<0.001

Physician Medical School Graduation Date, N
(%)
0 to 15 Years Ago
≥16 Years Ago
Hospital Characteristics
Percentage of Vaginal Births in a Hospital That
Were Vaginal Births after a Previous Cesarean
Delivery (VBAC), N (%)
0 – 11.2000%
11.2001 – 38.9%
Percentage of All Births in Hospital That Had
Induced Labors, N (%)
0 – 26.8000%
26.8001 – 89.1%
Percentage of All Births in Hospital That Had
Augmented Labors, N (%)
0 – 18.8000%
18.8001 – 56.2%
Percentage of All Births in Hospital That Were
Midwife-Attended, N (%)
0 – 1.4000%
1.4001 – 70.3%
Hospital Perinatal Regionalization, N (%)
Level 1
Level 2
Level 3
Level 4
Hospital Participated in NYSQPC Obstetrical
Improvement Project to Reduce Scheduled Late
Preterm Deliveries without Medical Indication, N
(%)
Yes
No
Hospital Religious Affiliation, N (%)
Yes
No
Hospital Ownership, N (%)
Private
Public/Government
Hospital Teaching Status, N (%)
Yes
No
Neighborhood Characteristics
Premature Birth Rate, N (%)

227,601 (36.7)
391,772 (63.3)

170,887 (75.1)
293,297 (74.9)

56,701 (24.9)
98,422 (25.1)

0.064

88,404 (58.5)
62,718 (41.5)

67,326 (76.2)
47,682 (76.0)

21,078 (23.8)
15,036 (24.0)

0.556

348,966 (50.2)
346,721 (49.8)

258,540 (74.1)
272,933 (78.7)

90,425 (25.9)
73,788 (21.3)

<0.001

66,334 (40.5)
97,647 (59.6)

48,858 (73.7)
76,909 (78.8)

17,476 (26.3)
20,738 (21.2)

<0.001

351,580 (50.5)
344,107 (49.5)

268,492 (76.4)
262,981 (76.4)

83,087 (23.6)
81,126 (23.6)

0.578

87,029 (53.1)
76,952 (46.9)

67,175 (77.2)
58,592 (76.1)

19,854 (22.8)
18,360 (23.9)

<0.001

350,276 (50.3)
345,411 (49.7)

267,981 (76.5)
263,492 (76.4)

82,295 (23.5)
81,918 (23.7)

0.029

104,445 (63.7)
59,536 (36.3)

80,643 (77.2)
45,124 (75.8)

23,802 (22.8)
14,412 (24.2)

<0.001

352,998 (50.7)
342,689 (49.3)

263,391 (74.6)
268,082 (78.2)

89,606 (25.4)
74,607 (21.8)

<0.001

84,225 (51.4)
79,756 (48.6)

63,194 (75.0)
62,573 (78.5)

21,031 (25.0)
17,183 (21.5)

<0.001

91,817 (13.2)
137,266 (19.8)
254,754 (36.7)
210,724 (30.3)

71,639 (78.0)
106,337 (77.5)
193,197 (75.8)
159,430 (75.7)

20,177 (22.0)
30,929 (22.5)
61,557 (24.2)
51,294 (24.3)

<0.001

21,590 (13.2)
79,708 (48.6)
62,683 (38.2)

16,968 (78.6)
60,786 (76.3)
48,013 (76.6)

4,622 (21.4)
18,922 (23.7)
14,670 (23.4)

<0.001

570,013 (81.9)
125,674 (18.1)

434,998 (76.3)
96,475 (76.8)

135,015 (23.7)
29,198 (23.2)

0.001

143,712 (81.9)
20,269 (12.4)

110,245 (76.7)
15,522 (76.6)

33,467 (23.3)
4,747 (23.4)

0.676

74,101 (10.7)
621,586 (89.3)

55,974 (75.5)
475,499 (76.5)

18,127 (24.5)
146,086 (23.5)

<0.001

921 (0.6)
163,060 (99.4)

688 (74.7)
125,079 (76.7)

233 (25.3)
37,981 (23.3)

0.151

608,621 (87.5)
87,066 (12.5)

463,535 (76.2)
67,938 (78.0)

145,085 (23.8)
19,128 (22.0)

<0.001

135,785 (82.8)
28,196 (17.2)

103,351 (76.1)
22,416 (79.5)

32,434 (23.9)
5,780 (20.5)

<0.001

572,979 (82.4)
122,708 (17.6)

437,611 (76.4)
93,862 (76.5)

135,368 (23.6)
28,845 (23.5)

0.377

163,981 (100)
-

125,767 (76.7)
-

38,214 (23.3)
-

NA
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0 – 10.9000%
10.9001 – 45.5%
Low Birthweight Rate, N (%)
0 – 11.2000%
11.2001 – 38.9%
Medicaid Birth Rate, N (%)
0 – 53.000% (referent)
53.001 – 91.3%
Late or No Prenatal Care Rate, N (%)
0 – 4.8000%
4.8001 – 39.3%
Percent Black/African-American Population Rate,
N (%)
0 – 2.3000%
2.3001 – 92.2%
Percent Hispanic Population Rate, N (%)
0 – 13.9000%
13.9001 – 76.1%
Percent Population Living Below Federal Poverty
Level, N (%)
0 – 13.9000%
13.9001 – 66.7%
Urbanization of Patient Residential ZIP Code, N
(%)
Urban
Rural
a.

366,437 (51.4)
345,805 (48.6)

284,300 (77.6)
259,644 (75.1)

82,137 (22.4)
86,160 (24.9)

<0.001

94,613 (56.5)
72,709 (43.5)

73,857 (78.1)
54,084 (74.8)

20,756 (21.9)
18,265 (25.2)

<0.001

357,511 (50.2)
354,731 (49.8)

277,805 (77.7)
266,139 (75.0)

79,706 (22.3)
88,591 (25.0)

<0.001

80,541 (48.2)
86,421 (51.8)

63,401 (78.7)
64,540 (74.7)

17,140 (21.3)
21,881 (25.3)

<0.001

360,060 (50.6)
352,182 (49.4)

269,290 (74.8)
274,654 (78.0)

90,769 (25.2)
77,528 (22.0)

<0.001

55,327 (35.0)
102,772 (65.0)

40,669 (73.5)
87,272 (78.2)

14,658 (26.5)
24,363 (21.8)

<0.001

366,524 (51.5)
345,718 (48.5)

280,886 (76.7)
263,058 (76.1)

85,637 (23.4)
82,660 (23.9)

<0.001

64,190 (38.4)
102,772 (61.6)

50,122 (78.1)
77,819 (75.7)

14,068 (21.9)
24,953 (24.3)

<0.001

356,521 (50.1)
355,721 (49.9)

273,362 (76.7)
270,582 (76.1)

83,158 (23.3)
85,139 (23.9)

<0.001

69,996 (41.9)
96,966 (58.1)

54,223 (77.5)
73,718 (76.0)

15,773 (22.5)
23,248 (24.0)

<0.001

358,670 (50.4)
353,571 (49.6)

274,099 (76.4)
269,845 (76.3)

84,571 (23.6)
83,726 (23.7)

0.315

55,781 (33.4)
111,181 (66.6)

42,634 (76.4)
85,307 (76.7)

13,147 (23.6)
25,874 (23.3)

0.176

357,756 (50.2)
354,486 (49.8)

266,378 (74.5)
277,566 (78.3)

91,377 (25.5)
76,920 (21.7)

<0.001

56,095 (33.6)
110,867 (66.4)

41,258 (73.6)
86,683 (78.2)

14,837 (26.4)
24,184 (21.8)

<0.001

671,050 (94.5)
38,718 (5.5)

512,179 (94.5)
29,753 (5.5)

158,870 (94.7)
8,965 (5.3)

-

-

-

NA

0.019

P-values were calculated from Chi-square tests for independence for categorical variables and for 2-sample independent t-tests for continuous variables.
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Table 3.2–Stepwise Modified Poisson Regression Block Models with Generalized Estimating Equations Examining the Association of Patients, Physicians, Hospitals, and
Neighborhood characteristics with Primary Cesarean Delivery Risk Amongst Pregnant Women in New York State, 2011-2014
Model 1 – Patient-Level
Model 2 – Patient-Level
Model 3 – Patient-Level,
Model 4 – Complete Model with
Variables Block Only
and Physician-Level Blocks
Physician-Level, and
Patient-Level, Physician-Level,
Hospital-Level Blocks
Hospital-Level, and
Neighborhood-Level Blocks
Variable
RR
95% CI
P-Value RR
95% CI
P-Value RR
95% CI
P-Value
RR
95% CI
P-Value
Patient-Level
Diagnosis of a Gestational Hypertensive-Related
1.79 1.77-1.81
<0.001 1.76 1.74-1.78
<0.001 1.78 1.76-1.80
<0.001
1.76
1.74-1.79
<0.001
Disorder in the Mothera
Diagnosis of Gestational Diabetes in the Mother
1.27 1.25-1.28
<0.001 1.25 1.23-1.27
<0.001 1.26 1.24-1.28
<0.001
1.26
1.24-1.28
<0.001
Diagnosis of Fetal Malpresentation Including Breech
Presentations During Current Pregnancy
Diagnosis of Obstructed Labor During Current
Pregnancy
Multiple Gestation (More than 1 Fetus)
Mother’s Age, in Years
Physician-Level
Physician Age
39 Years Old and Younger (referent)
40 Years Old and Older
Physician Gender
Female (referent)
Male
Physician Country of Birth
United States (referent)
Non-United States
Location of Medical School
United States (referent)
Non-United States
Time Since Physician Graduated Medical School
0 Years to 15 Years Ago (referent)
16 Years Ago or More
Physician Malpractice History
No (referent)
At Least 1 Incident
Hospital-Level
Percentage of Vaginal Births in Hospital That Were
Vaginal Births after a Previous Cesarean Delivery
(VBAC)
0 – 11.2000% (referent)
11.2001 – 38.9%

3.85

3.82-3.88

<0.001

3.64

3.60-3.67

<0.001

3.64

3.61-3.67

<0.001

3.63

3.59-3.66

<0.001

1.08

1.07-1.10

<0.001

1.06

1.05-1.08

<0.001

1.06

1.04-1.08

<0.001

1.07

1.05-1.08

<0.001

1.37
1.02

1.35-1.39
1.02-1.02

<0.001
<0.001

1.34
1.01

1.31-1.36
1.01-1.01

<0.001
<0.001

1.35
1.01

1.33-1.37
1.01-1.01

<0.001
<0.001

1.35
1.01

1.33-1.37
1.01-1.01

<0.001
<0.001

1
1.00

0.98-1.01

0.530

1
1.00

0.99-1.01

0.940

1
1.00

0.99-1.02

0.676

1
1.05

1.04-1.06

<0.001

1
1.04

1.03-1.05

<0.001

1
1.04

1.03-1.05

<0.001

1
1.02

1.01-1.03

<0.001

1
1.01

1.00-1.02

0.197

1
1.02

1.01-1.03

0.005

1
1.02

1.01-1.04

<0.001

1
1.02

1.01-1.03

0.002

1
1.02

1.01-1.03

0.005

1
0.99

0.98-1.01

0.295

1
0.98

0.97-0.99

<0.001

1
0.98

0.96-0.99

<0.001

1
1.01

1.00-1.02

0.191

1
1.00

0.99-1.02

0.557

1
1.01

1.00-1.02

0.250

1
0.83

0.82-0.84

<0.001

0.84

0.83-0.85

<0.001
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Percentage of All Births in Hospital That Had
Induced Labors
0 – 26.8000% (referent)
26.8001 – 89.1%
Percentage of All Births in Hospital That Had
Augmented Labors
0 – 18.8000% (referent)
18.8001 – 56.2%
Percentage of All Births in Hospital That Were
Midwife-Attended
0 – 1.4000% (referent)
1.4001 – 70.3%
Hospital Perinatal Regionalization Level
1 (referent)
2
3
4
Hospital Participated in 2010-2014 NYS Perinatal
Quality Collaborative Project to Reduce Scheduled
Late-Preterm Cesarean Deliveries without Indication
No (referent)
Yes
Hospital is Religiously Affiliated
No (referent)
Yes
Hospital is Privately Owned
No (referent)
Yes
Hospital Has Teaching Status
No (referent)
Yes
Neighborhood-Level
Premature Birth Rate
0 – 10.9000% (referent)
10.9001 – 45.5%
Low Birthweight Rate
0 – 11.2000% (referent)
11.2001 – 38.9%
Medicaid Birth Rate
0 – 53.000% (referent)
53.001 – 91.3%
Late or No Prenatal Care Rate
0 – 4.8000% (referent)
4.8001 – 39.3%

1
0.96

0.95-0.97

<0.001

0.97

0.96-0.98

<0.001

1.03

1.02-1.04

<0.001

1.03

1.02-1.04

<0.001

1
0.98

0.97-1.00

0.004

1.03

1.02-1.04

<0.001

1
0.97
1.01
0.97

0.95-0.99
0.99-1.03
0.95-0.98

0.001
0.234
<0.001

1
0.96
1.00
0.97

0.94-0.98
0.98-1.02
0.95-0.99

<0.001
0.992
0.002

1
0.99

0.98-1.01

0.259

1
0.97

0.95-0.99

0.002

1
0.99

0.98-1.01

0.465

1
0.98

0.96-1.00

0.010

1
1.07

1.05-1.09

<0.001

1
1.12

1.10-1.14

<0.001

1
0.98

0.97-1.00

0.007

1
0.99

0.98-1.01

0.282

1
1.06

1.05-1.08

<0.001

1
1.06

1.05-1.08

<0.001

1
0.97

0.96-0.98

<0.001

1
1.08

1.07-1.10

<0.001
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Percent Black/African-American Population Rate
0 – 2.3000% (referent)
2.3001 – 92.2%
Percent Hispanic Population Rate
0 – 13.9000% (referent)
13.9001 – 76.1%
Percent Population Living Below Federal Poverty
Level
0 – 13.9000% (referent)
13.9001 – 66.7%
Urbanization of Patient Residential ZIP Code
Rural (referent)
Urban
Multiplicative Interaction Analysis
Patient Age * Physician Age
Physician Gender * Private Hospital Ownership

1
1.03

1.01-1.04

<0.001

1
1.02

1.01-1.03

0.005

1
0.89

0.88-0.90

<0.001

1
0.95

0.93-0.98

<0.001

1.00
1.05

1.00-1.00
1.01-1.08

1.000
0.013
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Table 3.3 – Stepwise Modified Poisson Regression Block Models with Generalized Estimating Equations Examining the Association of Patients, Physicians, Hospitals, and
Neighborhood Characteristics with Primary Cesarean Delivery Risk Amongst Pregnant Women Who Gave Birth in New York City Hospitals, 2011-2014
Model 1 – Patient-Level
Model 2 – Patient-Level and
Model 3 – Patient-Level,
Model 4 – Complete Model
Variables Block Only
Physician-Level Blocks
Physician-Level, and Hospitalwith Patient-Level, PhysicianLevel Blocks
Level, Hospital-Level, and
Neighborhood-Level Blocks
Variable
Patient-Level
Diagnosis of a Gestational Hypertensive-Related
Disorder in the Mother
Diagnosis of Gestational Diabetes in the Mother
Diagnosis of Fetal Malpresentation Including Breech
Presentations During Current Pregnancy
Diagnosis of Obstructed Labor During Current
Pregnancy
Multiple Gestation (More than 1 Fetus)
Maternal Nativity
US-Born (referent)
Non-US Born
Maternal Black/African-American Race
No (referent)
Yes
Maternal Hispanic Ethnicity
No (referent)
Yes
Mother’s Age, in Years
Physician-Level
Physician Age
39 Years Old and Younger (referent)
40 Years Old and Older
Physician Gender
Female (referent)
Male
Physician Country of Birth
United States (referent)
Non-United States
Location of Medical School
United States (referent)
Non-United States
Time Since Physician Graduated Medical School
0 Years to 15 Years Ago (referent)
16 Years Ago or More

RR

95% CI

P-Value

RR

95% CI

P-Value

RR

95% CI

1.73

1.69-1.77

<0.001

1.70

1.65-1.75

<0.001

1.71

1.66-1.76

1.24

1.20-1.27

<0.001

1.20

1.16-1.25

<0.001

1.23

3.59

3.53-3.65

<0.001

3.54

3.47-3.62

<0.001

1.12

1.09-1.16

<0.001

1.14

1.10-1.18

1.35

1.31-1.39

<0.001

1.34

RR

95% CI

<0.001

1.69

1.64-1.74

<0.001

1.19-1.28

<0.001

1.23

1.19-1.28

<0.001

3.54

3.46-3.62

<0.001

3.54

3.46-3.62

<0.001

<0.001

1.11

1.06-1.15

<0.001

1.10

1.06-1.14

<0.001

1.29-1.40

<0.001

1.34

<0.001

1.34

1.29-1.39

<0.001

1
0.98

0.96-0.99

<0.001

1
0.96

0.94-0.98

<0.001

1
0.97

0.95-0.99

0.008

1
0.98

0.95-1.00

0.023

1
1.17

1.15-1.19

<0.001

1
1.18

1.15-1.21

<0.001

1
1.20

1.17-1.23

<0.001

1
1.15

1.12-1.18

<0.001

1
1.02
1.02

1.00-1.04
1.02-1.02

0.041
<0.001

1
1.02
1.02

0.99-1.04
1.02-1.02

0.197
<0.001

1
1.05
1.02

1.02-1.08
1.02-1.02

<0.001
<0.001

1
1.04
1.02

1.01-1.06
1.02-1.02

0.009
<0.001

1
0.98

0.95-1.00

0.087

1
0.99

0.96-1.01

0.272

1
0.99

0.96-1.01

0.316

1
1.03

1.01-1.05

0.009

1
1.01

0.98-1.03

0.638

1
1.01

0.99-1.04

0.360

1
1.06

1.03-1.08

<0.001

1
1.03

1.00-1.05

0.033

1
1.03

1.01-1.06

0.006

1
1.01

0.99-1.04

0.375

1
1.01

0.98-1.04

0.513

1
1.02

0.99-1.04

0.279

1
1.00

0.97-1.02

0.793

1
1.00

0.97-1.02

0.736

1
1.00

0.98-1.03

0.817

1.29-1.39

P-Value

P-Value
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Physician Malpractice History
No (referent)
At Least 1 Incident
Hospital-Level
Percentage of Vaginal Births in Hospital That Were
Vaginal Births after a Previous Cesarean Delivery
(VBAC)
0 – 11.2000% (referent)
11.2001 – 38.9%
Percentage of All Births in Hospital That Had
Induced Labors
0 – 26.8000% (referent)
26.8001 – 89.1%
Percentage of All Births in Hospital That Had
Augmented Labors
0 – 18.8000% (referent)
18.8001 – 56.2%
Percentage of All Births in Hospital That Were
Midwife-Attended
0 – 1.4000% (referent)
1.4001 – 70.3%
Hospital Perinatal Regionalization Levela
2 (referent)
3
4
Hospital Participated in 2010-2014 NYS Perinatal
Quality Collaborative Project to Reduce Scheduled
Late-Preterm Cesarean Deliveries without Indication
No (referent)
Yes
Hospital is Religiously Affiliated
No (referent)
Yes
Hospital is Privately Owned
No (referent)
Yes
Hospital Has Teaching Statusb
No (referent)
Yes
Neighborhood-Level
Premature Birth Rate
0 – 10.9000% (referent)
10.9001 – 45.5%

1
0.97

0.94-0.99

0.004

1
0.95

0.92-0.97

<0.001

1
0.95

0.93-0.97

<0.001

1
0.82

0.79-0.84

0.004

1
0.80

0.78-0.83

<0.001

0.004

1
1.01

0.99-1.04

0.337

1
1.01

0.98-1.04

1
1.02

0.99-1.04

0.200

1
1.02

1.00-1.05

0.080

1
1.06

1.03-1.10

<0.001

1
1.13

1.09-1.16

<0.001

1
1.12
1.12

1.08-1.16
1.07-1.17

<0.001
<0.001

1
1.09
1.12

1.05-1.13
1.07-1.18

<0.001
<0.001

1
1.00

0.97-1.04

0.964

1
1.00

0.96-1.04

0.879

1
1.35

1.17-1.57

<0.001

1
1.34

1.16-1.55

<0.001

1
1.20

1.16-1.25

<0.001

1
1.25

1.20-1.30

<0.001

-

-

-

-

-

-

1
1.09

1.06-1.13

<0.001
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Low Birthweight Rate
0 – 11.2000% (referent)
11.2001 – 38.9%
Medicaid Birth Rate
0 – 53.000% (referent)
53.001 – 91.3%
Late or No Prenatal Care Rate
0 – 4.8000% (referent)
4.8001 – 39.3%
Percent Black/African-American Population Rate
0 – 2.3000% (referent)
2.3001 – 92.2%
Percent Hispanic Population Rate
0 – 13.9000% (referent)
13.9001 – 76.1%
Percent Population Living Below Federal Poverty
Level
0 – 13.9000% (referent)
13.9001 – 66.7%
Urbanization of Patient Residential ZIP Codec
Rural (referent)
Urban
Multiplicative Interaction Analysis
Patient Nativity * Physician Nativity

1
1.07

1.04-1.11

<0.001

1
0.95

0.92-0.99

0.004

1
1.14

1.11-1.17

<0.001

1
0.98

0.95-1.01

0.131

1
1.10

0.99-1.05

0.180

1
0.90

0.87-0.93

<0.001

-

-

-

1.003

0.9601.048
Patient Age * Physician Age
1.002 0.9991.006
Physician Gender * Private Hospital Ownership
1.069 0.9981.145
a. There were no hospitals in New York city with a Level 1 perinatal regionalization level; therefore, level 2 was made the referent category for this subanalysis.
b. The relative risk for this variable could not be calculated for the NYC birth subset because all birthing hospitals in NYC are classified as teaching hospitals.
c. This predictor was not included in the final model calculation given the small proportion of births (0.2% of sample; 362 out of 167,776 births) and resulting volatility of
model parameter estimates.

0.884
0.178
0.056
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Chapter 4 – Assessing the Role of Factors Associated with Patients, Physicians, Hospitals,
and Surrounding Communities on Patient Risk of Repeat Cesarean Delivery in New York
State, 2011-2014
Since the mid-1990s, the Cesarean delivery rate in the United States (U.S.) has grown
substantially from one-fifth of all births in 1996 (20.7%) to nearly one-third of all births (32.3%)
in 2014, and Cesarean deliver has become the most commonly performed major surgical
procedure in the country.1-4 During this same time period, there has been a concurrent rapid
decrease in the rate of vaginal birth after having a previous Cesarean delivery (i.e., VBAC), from
almost 30% of births in 1996 at its peak at less than 10% since the early 2000s.3,5-7 Reducing the
rate of repeat Cesarean deliveries among low-risk pregnant women with a previous Cesarean
delivery is included within the Maternal, Infant, and Child Health (MICH) domain of the
HealthyPeople2020 objectives.8 Specifically, objective MICH-7.2 calls for a more than 10%
reduction in the repeat Cesarean delivery rate among low-risk pregnancies from 90.8% as of
2007 to 81.7% by 2020.8
Although in 1916, gynecologist E.B. Cragin wrote that obstetrics should adopt the
practice of “once a Cesarean, always a Cesarean,” there has been a divide in the medical
literature regarding whether repeat, planned Cesarean delivery or a VBAC birth is best for lowrisk pregnant women who have had a previous Cesarean delivery.9-12 Some have suggested that
the safest course of action for women with a previous Cesarean delivery is a planned, repeat
Cesarean delivery, as a failed TOLAC (i.e., a trial of labor for a vaginal delivery after having a
previous Cesarean delivery) is associated with an increased risk of maternal morbidity, such as
uterine rupture, as well as maternal and neonatal mortality, compared to repeat Cesarean
delivery.13-16 Others have stressed that the risk of complications associated with repeat Cesarean
delivery to both the mother and neonate actually increase with each subsequent Cesarean
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delivery procedure.17,18 Numerous studies have shown that both TOLAC and VBAC births have
fewer instances of maternal morbidity during delivery, fewer complications in future pregnancies
(e.g., lower risk of placental abnormalities), and are more cost-effective than planned, repeat
Cesarean deliveries.7,13,14,19-22
Numerous patient demographic factors have been linked to increased repeat Cesarean
delivery likelihood and decreased likelihood of a successful TOLAC/VBAC, including increased
maternal age;20,23 being foreign-born;24 and being non-Hispanic black25 or Hispanic26.
Additionally, numerous clinical characteristics of pregnancy have been linked to a decreased
likelihood of a successful TOLAC and/or VBAC, such as pre-eclampsia and gestational
hypertensive-related disorders,27 gestational diabetes,28 and recurrent indications for Cesarean
delivery related to obstructed labor 20,29 and fetal malpresentation.30
Nearly 20 years ago, obstetric clinical practice guidelines from the American College of
Obstetricians and Gynecologists (ACOG) shifted towards a more restrictive policy in permitting
VBAC births amongst women with a prior Cesarean delivery by advocating for “immediate
availability throughout active labor” of surgical and anesthesiology-related physician and facility
resources during VBAC attempts.31-33 While ACOG has since revised their practice guidance to
encourage attempts at TOLAC and VBAC when not contraindicated, it has been suggested that
previous policy may continue to discourage many hospitals and physicians from allowing a
TOLAC and/or VBAC birth amongst their pregnant eligible patients.20,34,35
Additionally, numerous physician and hospital characteristics may also impact repeat
Cesarean delivery likelihood. Some reports suggest that physician-related factors may be the
most influential non-clinical factors that increase overall (both primary and repeat) patient
Cesarean delivery risk,36,37 which include male gender,38,39 younger age,40 being less experienced
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in clinical practice,40 and having a history of obstetric medical malpractice.41-43 Physicians that
are foreign medical school graduates (FMGs) have also been linked to higher overall Cesarean
delivery risk,39,44 which may be closely linked to physician nativity, as the majority of U.S.provided medical certifications (81.3%) provided to qualified FMGs were to non-U.S. citizens.45
Physician-patient communication related to treatment decisions and sexual history-taking in
obstetric practice has been shown to differ by physician nativity, 46,47 potentially due to
differences in first language between patient and provider as well as clinical training differences
in foreign and US medical schools. The effect of physician nativity may be further complicated
by patients who are also foreign-born and whose first language is not English; discordant
preferred language during labor and delivery, a stressful time for pregnant women, may hinder
timely communication and may hinder patient involvement and participation in the birth process.
More research is needed, however, to ascertain how physician nativity and medical school
location specifically affect clinical decision-making related to childbirth.
Hospital teaching affiliation, presence of midwifery care, larger hospital size, government
ownership, and neonatal intensive care unit (NICU) capacity have all been linked to reduced rate
of repeat Cesarean delivery.34,48,49 Hospital obstetric practices related to labor and delivery may
also impact rate of repeat Cesarean delivery, given that certain practices, such as labor induction
and augmentation, are linked to higher rates of uterine rupture, a rare, but well-documented
complication of failed TOLAC and VBAC attempts.50-52 In addition, there is research
suggesting that religiously-affiliated hospitals (particularly Catholic) often have reproductive
health policies and practices that are unfavorable towards patient choice and self-efficacy;
specifically, some research has highlighted policies in Catholic-owned hospitals that discourage
miscarriage management (regardless of patient preference) in the presence of fetal heart
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tones.53,54 Thus, reproductive health-related policies surrounding an embryo or fetus that are
unfavorable towards patient input and choice may ultimately impact patient repeat Cesarean
delivery likelihood, since patient input and choice, as well as fetal health, play a role in one’s
ultimate method of delivery.
While not explicitly assessed in the literature, hospital ownership may modify the impact
of physician factors, like physician gender, on overall Cesarean delivery likelihood in pregnant
women. Additional regulatory bodies govern procedures and practice in public hospitals, such as
local (municipal), state, and federal policies, like Medicaid regulations, that may impose a more
rigid practice culture governed from upstream influences. Consequently, there may be less room
for physician input in public hospitals in clinical situations where there is a large clinical ‘gray
area’, for some common diagnoses such as obstructed labor that may resolve on their own or
may require clinical resolution through a Cesarean delivery.55 In these situations, clinicians may
have less flexibility in decision-making related to method of delivery in public hospital
compared to private hospitals. As such, physician factors, particular physician gender since its
impact on Cesarean delivery risk is rooted in their communication approach with their patients,
may have a differing impact depending on the ownership of the hospital where they deliver their
patients.
Some studies have also report a lower likelihood of VBAC in rural areas and in areas with
higher rates of women with private insurance.56-58 Additionally, studies indicate residents of
lower socioeconomic neighborhoods may have higher rates of numerous adverse perinatal
health-related outcomes, such as preterm birth and low birthweight,59-63 but no studies have
looked at how neighborhood factors are associated with repeat Cesarean rates. Moreover, racial
and ethnic minorities and low income populations have poorer access to health care through
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disadvantaged access to stable insurance and employment, and a higher likelihood of developing
conditions that increase the clinical need for Cesarean delivery, which may shape provider
assumptions about the need for repeat Cesarean delivery in their patients form these
neighborhoods.64-66
Repeat Cesarean delivery procedure remains a pertinent public health concern since it carries
a higher rate of maternal and neonatal morbidity and mortality compared to a successful
TOLAC/VBAC birth. Yet, the pathways by which factors across multiple levels of organization
likely work together within a complex, social-ecological context to shape the risk of repeat
Cesarean delivery among pregnant women with a prior Cesarean delivery have not been well
assessed.67 As such, this paper will assess the role of these multilevel factors on patient repeat
Cesarean delivery risk among pregnant women in New York State, from 2011-2014.
Methods:
Data
The data used in these analyses come from a number of different sources, which are described
below.
Sample Selection, Eligibility & Outcome Definition
The outcome for these analyses was repeat Cesarean delivery amongst pregnant women
who gave birth within a New York State (including New York City) hospital between 2011 and
2014 who had had a prior Cesarean delivery. New York State has a population that is extremely
diverse in terms of race/ethnicity, nativity, socioeconomic status, and includes urban, suburban,
and rural residents. The New York State Department of Health is mandated by law to maintain a
comprehensive hospital discharge data collection system and repository (i.e., Statewide Planning
and Research Cooperative System (SPARCS)).68 Because Cesarean delivery is a surgical
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procedure that requires equipment and services usually only available in a hospital setting, it was
included in SPARCS inpatient data. Additionally, the American College of Obstetricians and
Gynecologists lists having had a prior Cesarean delivery as a contraindication to having a
planned home birth.69
After the sample was limited to only pregnant women who had a previous Cesarean
delivery, listed MS-DRGs, the APR-DRGs, and ICD-9-CM procedural codes in patient records
were all examined for method of delivery (see Appendix C), which was classified as either a
successful vaginal birth or a Cesarean delivery (which includes those with a scheduled Cesarean
delivery or those who attempted a vaginal delivery but failed).70
Patient-Level Characteristics
Data on patient age in years and pregnancy characteristics were also obtained from the
SPARCS data. Pregnancy characteristics were determined based on ICD-9-CM hospital
discharge diagnosis codes listed in any diagnosis field included: gestational hypertension-related
disorders (including eclampsia; pre-eclampsia; and, gestational hypertension); maternal
gestational diabetes; fetal malpresentation (including any breech presentation); obstructed labor;
and multiple gestation (see Appendix C for details on specific ICD-9-CM codes utilized).
We also linked birth certificate data to SPARCS data for our sample to obtain additional
demographic characteristics of the mothers in our dataset. Given data linkage restrictions, we
were only able to obtain birth certificate data for births that occurred in New York City and
therefore, these variables were only included in a sensitivity analysis restricted to births in New
York City. Specifically, we looked at an indicator for whether a patient was of black/AfricanAmerican race and of Hispanic ethnicity. Additionally, we looked at an indicator for being
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foreign-born (versus US-born) based on birth certificate data, as nativity is not included in
SPARCS data.
Physician-Level Characteristics
Data on physicians were purchased from the American Medical Association (AMA)
Physician Masterfile and augmented with information from publicly available sources from the
NYSDOH and the New York State Education Department Office of the Professions (NYSEDOP) License Verification Searching System.71-73 Physician sociodemographic data examined
included self-reported physician gender, age and nativity (foreign versus us born) from the AMA
Physician Masterfile. Years since graduating medical school and medical school location (i.e.,
U.S. or non-U.S. based) were obtained from the NYSED-OP and physician malpractice history
was obtained from the NYSDOH.
Physician data was linked to patient SPARCS data on the six-digit medical license
number of the operating physician if that physician was an obstetrician or
obstetrician/gynecologist (OB/GYN); if the operating physician listed on record was not an
OB/GYN but the attending physician on record was, then we linked the data on medical license
number of the attending physician (see Appendix C for methodological details).
Hospital-Level Characteristics
Data on maternity procedural frequency included frequency of vaginal births in a hospital
that were VBAC, frequency of births with augmented labor, frequency of births with induced
labor, and frequency of births that were midwife-attended all for the year 2014, as well as the
size and NICU availability, which indicates the capacity and resources of the hospital, was
collected from NYS from a NYSDOH website.74 This data was used instead of aggregating
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individual patient data in hospital discharge data and assessing procedures with individual ICD9-CM codes because it is considered more accurate due to mandated reporting and multiple data
source accuracy cross-checking (i.e., NYSDOH uses information from both discharge and birth
certificate data). 75 Practice frequency variables were dichotomized at their respective median to
facilitate comparisons and statistical interpretations across other variables.
We also examined an indicator for hospital participation in the New York State Perinatal
Quality Collaborative (NYSPQC) Obstetrical Improvement Project to Reduce Late-Preterm (i.e.,
34 to 37 weeks gestation) Scheduled Cesarean Deliveries, led by the New York State
Department of Health’s Division of Family Health between September 2010 and November
2014.76 A listing of participating hospitals was provided by staff at the NYSPQC within the
NYSDOH. Additionally, each hospital’s perinatal regionalization rating was taken from the
NYSDOH website and included in this analysis, which ranges from Level 1 for small hospitals
without a NICU to Level 4 for hospitals that operate NICUs and can handle the most complex
perinatal care.77
Finally, we looked at the teaching status; private ownership; and religious affiliation of
the hospital. A hospital was coded as being a teaching hospital if they were listed as such in the
Open Payments Program of the Centers for Medicare & Medicaid Services for each year
individually from 2011 through 2014.78 Additionally, any hospital listed as having nongovernment control in the American Hospital Directory were coded as being a private hospital.79
Lastly, religiously affiliation was defined as “Christian” if “church” was listed under type of
control in the American Hospital Directory.79 There were no hospitals with religious affiliation
other than Christian or Catholic in the dataset.
Independent Variable Data: Neighborhood-Level Characteristics
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Data on neighborhood perinatal health and socioeconomic characteristics were taken
from three publicly available sources and linked to patient SPARCS data by their 5-digit ZIP
code of residence. Neighborhood perinatal health outcomes came from the NYS County/ZIP
Code Perinatal Data Profile, which is an aggregation of NYS and New York City (NYC) Vital
Statistics data including various perinatal health-related variables over a three-year time period
(2011-2013, the closest time period to that of our outcome).75 For these analyses, we included
data on the premature birth rate; proportion of births that were low birthweight; proportion of
births for which medical fees were covered by Medicaid or self-pay, and the proportion of births
for which the mother had late (i.e., 3rd trimester) or no prenatal care.
Variables related to the overall socioeconomic health of the patient’s neighborhood of
residence were taken from the American Community Survey (ACS), which is conducted
annually by the U.S. Census Bureau and includes socioeconomic, demographic, and housing data
on individuals in the U.S.80 The ACS is available in five-year estimates; the 2010-2014 iteration
was used for this study. Variables included in these analyses were: proportion of residents in a
neighborhood who were Black/African-American, proportion of residents in a neighborhood
who were with Hispanic ethnicity, and proportion of residents in a neighborhood living below
the Federal Poverty Line. Similar to the aforementioned hospital practice variables, rate variables
were dichotomized at their respective median to facilitate comparisons and statistical
interpretations across other variables.
Lastly, the urbanization of residential ZIP codes, as determined by the National Center
for Health Statistics (NCHS) 2013 classification of residential ZIP codes, was included.81 Patient
residential ZIP codes were coded as either being urban/metropolitan (i.e., large central metro;
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large fringe metro; medium metro; and, small metro) or rural/nonmetropolitan (i.e., micropolitan
and noncore).
Statistical Analysis
Frequencies for each predictor variable were calculated both overall and by method of
delivery (i.e., a successful vaginal birth or a Cesarean delivery, including those with a scheduled
Cesarean delivery or those who attempted a vaginal delivery but failed). Additionally, significant
differences by method of delivery were assessed with the Chi-square test for categorical
predictor variables and an independent two-sample two-tailed t-test for age, the sole numeric
variable.
Block multivariate modified Poisson regression with a log-link function estimation to
produce relative risks with robust error variances was conducted within generalizing estimating
equations (GEE) modeling to account for geographic clustering.82,83 Univariate Moran’s I was
calculated, which suggested geospatial clustering of high and low Cesarean delivery rates in ZIP
codes, respectively. Therefore, the autoregressive first-order correlation structure was chosen
using county of patient residence to account for clustering.84 Quasi likelihood under
independence model criterion (QIC) was used to assess model fit improvement by progressive
block inclusion.85
Block regression modeling was conducted with groups of variables added to the model in
progressive blocks starting with patient-specific variables, followed by the addition of physicianspecific variables, then hospital-specific variables, and finally, neighborhood-specific variables.
Given that nativity was only available for NYC births, a separate block regression model for
NYC births only was conducted including these three variables in the progressive stepwise
model building.
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Lastly, multiplicative interaction terms were added in the final regression model for all
births for physician gender and hospital ownership. Additionally, within the NYC birth cohort, a
multiplicative interaction term was added to account for physician nativity and patient nativity.
Statistical significance for all testing was determined at the α=0.05 level. Data management was
conducted with SAS Version 9.3 (Cary, NC), and data analysis was conducted with SPSS Version
24 (Chicago, IL).
Results:
Descriptive Statistics – Overall
Table 4.1 describes the women giving birth in New York State and New York City 20112014 included in these analyses overall and by method of delivery. A total of N=152,245 women
gave birth in New York state who had undergone a previous Cesarean delivery. Overall, 5.7% of
women had a gestational hypertension-related disorder, 8.8% had gestational diabetes, 6.8% had
some form of fetal malpresentation, and 1.9% had some form of obstructed labor. The mean age
of pregnant women in the sample was 31.48 years (SD=5.45).
The majority of the obstetric physicians who presided over these deliveries were 40 years
old and older (82.8%), male (54.8%), US-born (66.8%), had no malpractice claims (81.1%), had
attended medical school in the United States (71.8%), and had graduated from medical school
≥16 years ago (66.2%). Slightly more than half of births (54.2%) occurred in hospitals with
lower rates of VBAC births (≤11.2%), 50.5% occurred in hospitals with lower rates of births
with induced labor (≤26.8%), 50.6% in hospitals with lower rates of augmented labors (≤18.8%),
and 50.6% in hospitals with lower rates of births (≤1.4%) attended by midwives. Almost twothirds of births overall occurred in hospitals that were either Level 3 (36.7%) or Level 4 (30.3%).
The majority of birth (82.8%) were in a hospital that participated in the NYSPQC obstetrical
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improvement project to reduce scheduled late preterm Cesarean deliveries without medical
indication. In addition, most births occurred in a hospital with teaching status (81.7%), hospitals
under private ownership (87.5%), and hospitals without a religious affiliation (89.2%).
Within patient neighborhoods, about half of births (51.7%) occurred in ZIP codes with
higher rates of premature birth (i.e., 10.9% and higher), with higher rates of low birthweight (i.e.,
11.2% and more) (51.5%), with lower rates of Medicaid (i.e., 53.0% and less) (51.6%), and with
lower rates of births with late or no prenatal care (i.e., 4.8% and less) (51.1%). Additionally,
about half of births occurred in ZIP codes with higher rates of percent black/African-Americans
(i.e., greater than 2.3%) (50.1%) and of percent Hispanic population (i.e., greater than 13.9%)
(50.1%), as well as lower rates of residents living below the Federal Poverty Level (i.e., 13.9%
and lower) (52.5%). Lastly, most births (94.7%) occurred in residents of urban neighborhoods.
Patterns of the overall distribution of maternal characteristics in NYC were similar to
NYS except that a slightly higher proportion of women were diagnosed with gestational diabetes
(10.0%) and obstructed labor (2.4%). In addition, there were fewer male physicians in NYC than
NYS (50.0%), as well as fewer foreign-born physicians (44.3%), physicians with ≥1 malpractice
claim (24.1%), and graduates of a foreign medical school (31.6%). Patterns of hospital
characteristics in NYC were similar to NYS except that there were slightly more births in
hospitals with higher rates of VBAC (54.0%), lower rates of augmented labor (64.4%), and
lower rates of midwife-attended births (54.5%). Nearly all births in NYC occurred in hospitals
without a religious affiliation (99.4%) and all occurred in a hospital with teaching status (100%).
Lastly, in NYC there was a higher proportion of births in ZIP codes with higher rate of births
covered by Medicaid (68.0%), births with late or no prenatal care (64.7%), and births in
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neighborhoods with higher proportions of residents who were black/African-American (60.5%),
Hispanic (67.0%), and those living below the Federal Poverty Level (66.9%).
Descriptive Statistics – By Method of Delivery
Across NYS, each of the four included clinical characteristics of pregnancy (i.e.,
gestational hypertensive-related disorders (i.e., 91.8% vs. 86.7%), gestational diabetes (i.e.,
90.8% vs. 83.7%), fetal malpresentation (i.e., 94.9% vs. 87.1%), and obstructed labor (i.e.,
90.1% vs. 87.7%)) were significantly more prevalent among women who had a repeat Cesarean
delivery (p<0.001). Women who had a Cesarean delivery were, on average, older (31.85 years
old) than women who had a vaginal delivery (30.80 years old) (p<0.001). Among physician
characteristics, repeat Cesarean deliveries were significantly more commonly performed by older
physicians (i.e., 88.6% vs. 86.8%) (p<0.001), male physicians (i.e., 89.7% vs. 86.5%) (p<0.001),
physicians who had at least 1 prior medical malpractice claim (i.e., 88.5% vs. 87.9%) (p=0.005),
physicians who were foreign medical school graduates (i.e., 89.1% vs. 87.4%) (p<0.001), and
more clinically experienced physicians (i.e., 88.7% vs. 86.6%) (i.e., those that graduated 16 years
ago or earlier) (p<0.001).
Within hospitals, significantly more repeat Cesarean deliveries occurred in hospitals with
lower rates of VBAC (i.e., 92.1% vs. 81.3%) (p<0.001), higher rates of births with induced
labors (i.e., 87.7% vs. 86.7%) (p<0.001), and higher rates of midwife-attended births (i.e., 89.4%
vs. 84.5%) (p<0.001). Additionally, the proportion of repeat Cesarean deliveries was higher
among hospitals with lower perinatal regionalization levels (i.e., Level 1 (i.e., 92.7% vs. 7.3%)
and 2 (i.e., 89.6% vs. 10.4%), compared to those that were Levels 3 (i.e., 86.9% vs. 13.1%) and 4
(i.e., 83.5% vs. 16.5%) (p<0.001). The proportion of repeat Cesarean deliveries was lower
among hospitals that participated in the NYSPQC obstetrical improvement project (i.e., 86.8%
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vs. 89.1%) (p=0.001), but was higher among hospitals with no religious affiliation (i.e., 91.1%
vs. 86.7%) (p<0.001). Additionally, the rate of repeat Cesarean delivery was higher within
privately owned hospitals (i.e., 87.8% vs. 82.6%) (p<0.001), and hospitals without teaching
status (i.e., 91.4% vs. 86.2%) (p<0.001).
The proportions of repeat Cesarean deliveries were higher within patient residential ZIP
codes with higher rates of premature birth (i.e., 88.8% vs. 85.7%) and low birthweight (i.e.,
87.9% vs. 86.6%), whereas the proportion of repeat Cesarean delivery was lower within patient
residential ZIP codes with higher rate of births covered by Medicaid (i.e., 84.5% vs. 89.9%)
(p<0.001). A larger proportion of Cesarean births occurred in patient residential ZIP codes with
births with lower rates of late or no prenatal care (i.e., 87.7% vs. 86.9%), residents who were
black/African-American (i.e., 88.4% vs. 86.2%), and residents who were Hispanic (i.e., 88.3%
vs. 86.3%) (p<0.001). Conversely, a greater percentage of Cesarean delivery occurred in ZIP
codes (i.e., 90.3% vs. 83.9%) with lower rates of residents living below the Federal Poverty
Level (p<0.001). Lastly, a slightly larger proportion of vaginal births occurred in patients who
lived in rural areas (i.e., 93.5% vs. 86.9%) (p<0.001).
Blockwise Regression Models for Births in New York State
Within the model including only patient-level factors, pregnant women with the
following clinical characteristics of pregnancy had a significantly higher risk of Cesarean
delivery compared to those who did not, respectively: women with a gestational hypertensiverelated disorder had 5% higher risk; women with gestational diabetes had 4% higher risk; women
with fetal malpresentation had 9% higher risk; and, women with obstructed labor had 2% higher
risk. (all p<0.001). Additionally, the risk of repeat Cesarean delivery increases by 1% for every
10-year increase in patient age (p<0.001). (Table 4.2, Model 1)
115

Adding physician-level characteristics to the model, we found that, having a male
physician presiding over the birth was associated with 1.03 times the risk of Cesarean delivery
compared to having a female physician (p<0.001). Additionally, patients whose physician
attended a foreign medical school had 1.01 times the risk of Cesarean delivery (p<0.001) of
those whose physician attended a US-based medical school. All patient-level factors, except a
diagnosis of obstructed labor, remained significantly associated with Cesarean delivery after
adjusting for physician characteristics. (Table 4.2, Model 2)
After adding hospital characteristics to the model, women who gave birth in hospitals
with higher rates of VBAC births had a slightly lower risk of repeat Cesarean delivery (RR: 0.99;
p<0.001), as did women giving birth in hospitals with higher rates of midwife-attended births
(RR: 0.91; p<0.001). Additionally, the risk of repeat Cesarean delivery slightly decreased with
each subsequent increase of perinatal regionalization level (RR=?; p<0.001). Patients that gave
birth in religiously affiliated hospitals had an increased risk of a repeat Cesarean delivery (RR:
1.03; p<0.001). Furthermore, patients giving birth in privately owned hospitals had a slightly
higher risk of Cesarean delivery (RR: 1.01; p=0.011), whereas patients giving birth in hospitals
with teaching status had a slightly reduced risk of Cesarean delivery (RR: 0.99; p<0.001). All
significant patient-level characteristics from the first model remained significant predictors of
repeat Cesarean delivery risk in the model (p<0.001). Additionally, physician gender and
medical school location remained significant in this model, and physician nativity (RR: 1.00;
p=0.015) as well as time since graduating medical school (RR: 0.99; p=0.027) were newly
negatively associated with patient Cesarean delivery risk. (Table 4.2, Model 3)
After adding neighborhood-level variables in model 4, risk of repeat Cesarean delivery
was higher for residents of neighborhoods with higher rates of premature birth (RR: 1.04;
116

p<0.001) and low birthweight births (RR: 1.01; p<0.001). Conversely, residents of zip codes
with higher rates of birth covered by Medicaid was negatively associated with risk of repeat
Cesarean delivery (RR: 0.96; p<0.001). Additionally, residents of ZIP codes with higher rates of
births with late or no prenatal care had higher rates of repeat Cesarean deliver (RR: 1.03;
p<0.001), while residents of ZIP codes with higher proportion of residents living below the
Federal Poverty Level (RR: 0.95; p<0.001) and residents of urban ZIP codes (RR: 0.97;
p<0.001) had lower rates of repeat Cesarean delivery. In model 4, all patient-, physician, and
hospital-level associations were similar to model 3, except that physician country of birth was no
longer significant. (Table 4.2, Model 4)
The interaction term for physician gender times private hospital ownership was not
statistically significant in the final model (p=0.071). Lastly, the quasi likelihood under
independence model criterion continued to decrease with the addition of each respective variable
block (see Appendix C), indicating improvements in model fit.
Blockwise Regression Models – NYC Subsample
Table 4.3 displays the regression model results for births in New York City from 2011 to
2014, which includes the addition of maternal nativity, black/African-American race, and
Hispanic ethnicity. In the interest of brevity, we only present the results from the final model
including patient-, physician-, hospital- and neighborhood-level factors (Table 4.3, model 4). As
with the NYS model in Table 4.2, clinical characteristics of pregnancy (i.e., gestational
hypertensive-related disorders [RR: 1.06]; gestational diabetes [RR: 1.07]; fetal malpresentation
[RR: 1.12]; and, obstructed labor [RR: 1.13]) were all positively associated with Cesarean
delivery risk (p<0.001). While there was no difference in risk of repeat Cesarean delivery by
patient nativity (p=0.159), black/African-American and Hispanic women had higher risk of
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Cesarean delivery (i.e., black/African American: RR=1.03, p<0.001; Hispanic: RR=1.03,
p<0.001). Like in the NYS model in Table 4.2, patient repeat Cesarean delivery risk slightly
increased with each year of increasing maternal age (RR: 1.01; p<0.001).
Only physician nativity (RR: 1.03; p<0.001) and physician malpractice history (RR: 0.99;
p=0.046) were significant physician-level predictors of Cesarean delivery in the final model,
neither of which were significant for NYS. As with NYS, higher rates of VBAC births in a
hospital (RR: 0.91; p<0.001) and births that were midwife-attended (RR: 0.91; p<0.001) were
associated with lower risk of repeat Cesarean delivery. Additionally, patients that gave birth in a
level 3 perinatal regionalization hospital had a slighter higher risk of repeat Cesarean delivery
than those that gave birth in a level 2 perinatal regionalization hospital (RR: 1.04: p<0.001) (note
there were no level 1 hospitals in NYC). Unlike in the NYS analyses, births in hospitals with
higher rates of augmented labor (RR: 0.98; p=0.005) were associated with lower risk of repeat
Cesarean delivery and those in hospitals that participated in the NYSPQC project had a higher
likelihood of having a repeat Cesarean delivery (RR: 1.04; p<0.001). Additionally, at the patient
ZIP code level, with the exception of low birthweight rates in neighborhoods, all ecological
perinatal health measures (i.e., percentage of premature birth [RR: 1.07; p<0.001], births covered
by Medicaid [RR: 0.96; p<0.001], births with late or no prenatal care in a ZIP code [RR: 1.04;
p<0.001], percent black/African-Americans in a ZIP code [RR: 0.97; p=0.001], percent Hispanic
in a ZIP code [RR: 1.03; p<0.001], and percent population living below the Federal Poverty
Level [RR: 0.95; p<0.001]) were significantly associated with repeat Cesarean delivery risk.
Lastly, there was no significant interaction between patient and physician nativity in the NYC
sample (p=0.113); however, there was significant interaction between physician gender and
private hospital ownership (p=0.017) within the NYC subsample. In Table 4.4, the final
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regression model for births in NYC (Table 4.3, Model 4) was stratified by hospital ownership.
Within this stratified model, patients with male physicians had a higher risk of repeat Cesarean
delivery (RR. 1.01, p<0.001) within private hospitals, but was not significant in public hospitals
(RR: 0.99, p=0.573).
Discussion:
Our findings demonstrate the complex relationship among myriad, multilevel factors in
determining risk of having a repeat Cesarean delivery. We found numerous factors at the
patient, physician, hospital characteristics, as well as community level significantly associated
with repeat Cesarean delivery risk. At the patient level, our findings are generally consistent
with previous research that identifies clinical risk factors, such as gestational diabetes,86
gestational hypertensive-related disorders,27,87 obstructed labor,88,89 fetal malpresentation89 as
well as patient age and 87,90-92 race/ethnicity,93-97 impact risk of repeat Cesarean delivery. These
factors have been strongly linked to increased Cesarean delivery likelihood, potentially due to
their association (or the clinical perception of their association) with complications during labor
and delivery. Concern about these complications may discourage consideration of a
TOLAC/VBAC attempt.
We also fund that numerous physician characteristics were associated with repeat
Cesarean delivery risk. Similar to other studies, we found that physician male gender,37,38,40,98
training in a foreign medical school,39,45 and clinical practice experience99,100 are associated with
repeat Cesarean delivery. Previous literary findings suggests that risk differences due to
physician gender could be rooted in differences in patient-physician communication dynamics,
which may be particularly detrimental during a TOLAC and VBAC attempt where risk of
complications may be higher and proper communication among the entire healthcare team is
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vital to ensuring a safe delivery.98,101 This could be further complicated if the physician received
their medical training at a foreign medical school where terminology, thresholds, and clinical
scenarios, as well as culture and expectations surrounding how physicians communicate with
their patients, may be different than what they routinely experience in the United States.
However, in the NYC only model that further adjusted for patient nativity and race/ethnicity,
physician gender and foreign medical education were not significant, but physician nativity, time
since graduating medical school, and physician malpractice history were. Whether the different
findings between NYC and NYS is due to differences in the sample or the adjustment for patient
nativity and race/ethnicity is unknown. In NYC, there was no significant interaction between
physician and patient nativity, suggesting that mismatches between patient and physician in first
language or culture, which could negatively impact communication, does not explain repeat
Cesarean risk above the individual contribution of the nativity of each. Regardless of what
physician characteristics impact repeat Cesarean delivery risk, it is clear that physician
characteristics play a substantial role in shaping patient repeat Cesarean delivery risk. The impact
of these factors presents an opportunity to intervene on clinicians with continuing education
opportunities and quality improvement initiatives to encourage practices that are encouraging of
trial of labor and vaginal delivery.
Numerous hospital-level characteristics were also associated with repeat Cesarean
delivery. Maternity-related hospital practice related to reduced repeat Cesarean delivery risk
include increased frequency of VBAC births and midwife-attended births in a hospital and
increasing hospital perinatal regionalization level in both the NYS and NYC model; this study
supports previous evidence that clinical practice that is supportive of vaginal delivery (e.g.,
increased VBAC and midwife-attended births)14,57 as well as greater hospital capacity for
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complex birth management as seen in hospitals with increased perinatal regionalization level
logically decrease the likelihood of an individual patient needing a repeat Cesarean delivery.57
Additionally, higher rates of augmented labor in hospitals was also associated with slightly
decreased repeat Cesarean delivery risk in the NYC model; this association could stem from
differences in clinical practice within hospitals related to labor management among women
attempting VBAC that are not adequately progressing to deliver without medication towards a
successful VBAC.51
Within the NYS model, hospital private ownership and religious affiliation were
associated with significantly higher repeat Cesarean delivery risk. It is possible that private
hospitals tend to be smaller or isolated, which is true for a number of private hospitals in upstate
NY,102 and therefore have reduced or limited access to VBAC in smaller or isolated hospitals
which do not have the clinical resources to adequately clinically monitor women during a trial of
labor and vaginal delivery for women with a previous Cesarean delivery. Differences by
religious affiliation may be related to either a lack of adequate resources to safely provide VBAC
to their pregnant patients with a previous Cesarean delivery, as religious hospitals may be
smaller with less financial resources than non-religious hospitals.
There was also positive statistical interaction between physician gender and private
hospital ownership. The presence of an impact of physician gender in private, but not public
hospitals, supports the notion that the structure of obstetric practice culture in private and public
hospitals may be greatly influential as to how physician characteristics, particularly gender
which has been shown to shape physician-patient communication during childbirth,38,39 shape
labor and delivery outcomes. Specifically, the rigidity of regulations and governing bodies in
public hospitals may limit the influence of physician characteristics, whereas private hospitals
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may allow for greater flexibility and weight on physician input and decision-making in deciding
the ultimate clinical course of action for a pregnant woman.
Nearly all neighborhood-level variables included were associated with repeat Cesarean
delivery risk, even after adjusting for patient-, physician-, and hospital-level variables.
Specifically, within the NYS model, increasing rates of premature birth, low birthweight births,
and births with late or no prenatal care were all significantly associated with increased patient
repeat Cesarean delivery risk. Although not previously assessed in the literature, higher rates of
adverse birth-related outcomes suggest that women in these communities may have
complications in their pregnancy or inadequate prenatal care and monitoring,59,103,104 which may
complicate their ability to attempt a successful TOLAC and VBAC birth. However,
neighborhood factors were still associated with higher repeat Cesarean delivery risk even after
controlling for individual patient risk factors for pregnancy complications, implying that social
determinants of health may have a direct influence on shaping method of delivery outcomes.
Additionally, patients living in urban ZIP codes had a lower repeat Cesarean delivery risk
than patients living in rural ZIP codes, which echoes previous findings that rural areas may have
poorer access to resources that would encourage increased TOLAC and VBAC rates.57
Moreover, increasing rates in the population living below the Federal Poverty Level were
significantly linked with decreased patient repeat Cesarean delivery risk, even after adjusting for
individual-level pregnancy risk factors. These results support previous study findings related to
higher rates of overall Cesarean delivery in communities are associated with higher rates of
privately insured individuals, which is something to which black/African-Americans and lowincome individuals have reduced access.58,66
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This study had numerous limitations. Firstly, the use of hospital discharge data for
patient-level data, and diagnosis and procedure codes from the hospital visit when the birth
occurred, did not allow us to have comprehensive data on all pregnancy and patient health
characteristics that may shape clinical decision-making (e.g., placental abnormalities; maternal
body mass index) surrounding repeat Cesarean delivery. Secondly, this study had no access to
patient opinions and desire to attempt a VBAC birth, which undoubtedly plays a role as
substantial involvement is required from the pregnant woman for a successful vaginal delivery.
Third, while many predictors were included in this analysis, the possibility for residual
confounding exists, as the childbirth process is complex and influenced by myriad factors,
including some that may not have been included in this analysis. Fourth, given the usage of
numerous data sources, including hospital discharge data and some data sources that were on
publicly available websites, it is likely that some data may be subject to misclassification, from
coding errors and data translation errors. Fifth, while numerous hospital variables were included
to characterize the hospital environment, it is possible that the variables chosen do not
thoroughly depict the most influential aspects of the hospital environment related to clinical
practice norms and administrative culture as well as those that may interact with physician
characteristics.
Policy Implications & Future Research
Despite these limitations, this study is, to our knowledge, one of the first to look at
predictors of repeat Cesarean delivery at the patient, physician, hospital and neighborhood level
and suggests multiple levels for intervention. The significant association of non-clinical factors,
such as physician, hospital, and patient residential neighborhood characteristics even after
adjusting for many individual clinical risk factors suggests that some Cesarean deliveries may
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not be medically essential and a greater number of VBAC births could be attempted. These
potentially unnecessary repeat Cesarean deliveries could be due to the standardization of clinical
practice that makes deviation from that standard unlikely, due to the perception of the utility of
Cesarean delivery in populations with certain high-risk characteristics even if the individual
pregnancy is not high-risk; provider confidence or preference for performing a Cesarean delivery
over a vaginal delivery, and/or something else entirely. Our findings are consistent with the
suggestion that the wide variation in Cesarean delivery rates among hospitals across the U.S.
cannot be entirely explained by patient clinical and sociodemographic characteristics alone.105,106
Therefore, hospitals and health providers must take greater ownership over their role in shaping
childbirth clinical practice expectations and “standard practice,” including addressing any
implicit bias that may shape how they decide whether women who have had a previous Cesarean
delivery should be counseled to attempt a VBAC birth. Additionally, while professional
organizations, such as the American College of Obstetricians and Gynecologists (ACOG), have
recently advocated for less-restrictive VBAC guidance, it is unclear whether this suggestive
guidance will actually impact clinical practice since there is no requirement to follow this
guidance.107 Additionally, while influential hospital accrediting bodies have embarked on quality
initiatives related to primary Cesarean delivery, they have not yet tackled TOLAC/VBAC.108 It is
unlikely that individual hospitals will be discouraged from limited or prohibiting VBAC births
without a more upstream initiative to address the factors that decrease VBAC probability at the
provider and hospital levels.
Numerous opportunities for future research exist. Our analysis could be greatly
complimented by qualitative research to better understand the associations we found. For
example, why do women from lower income, minority neighborhoods with poorer birth
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outcomes have higher risk of repeat Cesarean delivery even when they themselves do not exhibit
risk factors for pregnancy complications. It is unclear if this is related to implicit bias or
concerns about malpractice suits on the part of the provider, or if it is due to expectations on the
part of the pregnant woman who sees that her neighbors have Cesarean deliveries and therefore
expects the same for her pregnancy. Secondly, it is reasonable to assume that different forces
impact clinical practice culture and expectations surrounding childbirth in privately owned and
non-privately owned hospitals, future research must be conducted to ascertain how hospital
ownership impacts how aspects of childbirth-related clinical practice and sociodemographic
compositions of neighborhoods affect individual patient Cesarean delivery risk. Lastly, other
variables that could not be included due to limitations of the available data, such as patient and
physician method of delivery preference for pregnant women with a previous Cesarean delivery
and patient BMI, could have added to the context of this analysis in what motivates repeat
Cesarean delivery risk in patients.
In conclusion, the Cesarean delivery rate is a vital public health concern and repeat
Cesarean delivery puts additional risk of morbidity and mortality to both the mother and neonate,
and also increases the risk of the potential future pregnancies of the mother. A successful
TOLAC and VBAC birth is often possible for many women with a previous Cesarean delivery
under medical supervision. A concerted effort is needed to better understand and address the
multifaceted influences of first Cesarean delivery and repeat Cesarean delivery among pregnant
women in NYS and elsewhere to reduce risks due to unnecessary Cesarean delivery.
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Table 4.1 – Description of the Sample of Women with a Previous Cesarean Delivery Giving Birth in New York State Hospitals, 20112014 Overall and by Method of Delivery (Vaginal versus Cesarean)
New York State
Overall
152,245

Vaginal
Delivery
19,354 (12.7)

Cesarean
Delivery
132,891 (87.3)

33,826

Vaginal
Delivery
5,402 (16.0)

Cesarean
Delivery
28,424 (84.0)

PValuea
NA

9,051 (5.7)
148,506 (94.3)

740 (8.2)
18,614 (13.3)

8,311 (91.8)
124,580 (86.7)

<0.001

2,009 (5.9)
31,817 (94.1)

207 (10.3)
5,195 (16.3)

1,802 (89.7)
26,622 (83.7)

<0.001

13,894 (8.8)
143,663 (91.2)

1,282 (9.2)
18,072 (16.3)

12,612 (90.8)
120,279 (83.7)

<0.001

3,379 (10.0)
30,447 (90.0)

368 (10.9)
5,034 (16.5)

3,011 (89.1)
25,413 (83.5)

<0.001

10,780 (6.8)
146,777 (93.2)

554 (5.2)
18,880 (12.9)

10,226 (94.9)
122,665 (87.1)

<0.001

2,216 (6.6)
31,610 (93.4)

129 (5.8)
5,273 (16.7)

2,087 (94.2)
26,337 (83.3)

<0.001

2,951 (1.9)
154,606 (98.1)
31.48, 5.45
(152,245)

293 (9.2)
19,061 (12.3)
30.80, 5.51
(19,354)

2,658 (90.1)
130,233 (87.7)
31.85, 5.43
(132,891)

<0.001

821 (2.4)
33,005 (97.6)
31.68, 5.46
(33,826)

52 (6.3)
5,350 (16.2)
30.80, 5.51
(5,402)

769 (93.7)
27,655 (83.8)
31.85, 5.43
(28,424)

22,169 (17.2)
106,453 (82.8)

2,927 (13.2)
12,133 (11.4)

19,207 (86.8)
94,214 (88.6)

<0.001

5,239 (18.7)
22,755 (81.3)

766 (14.6)
3,581 (15.7)

4,473 (85.4)
19,174 (84.3)

0.044

70,273 (54.8)
58,061 (45.2)

7,211 (10.3)
7,811 (13.5)

62,992 (89.7)
50,178 (86.5)

<0.001

13,927 (50.0)
13,929 (50.0)

2,008 (14.4)
2,326 (16.7)

11,919 (85.6)
11,603 (83.3)

<0.001

37,241 (33.2)
74,973 (66.8)

4,367 (11.7)
8,627 (11.5)

32,822 (88.3)
66,267 (88.5)

0.271

10,210 (44.3)
12,850 (55.7)

1,459 (14.3)
2,101 (16.4)

8,751 (85.7)
10,749 (83.6)

<0.001

25,089 (18.9)
107,814 (81.1)

2,874 (11.5)
13,022 (12.1)

22,192 (88.5)
94,615 (87.9)

0.005

7,030 (24.1)
22,160 (75.9)

1,143 (16.3)
3,615 (16.8)

5,887 (83.7)
18,773 (84.7)

0.049

39,653 (28.2)
101,064 (71.8)

4,280 (11.0)
12,745 (12.6)

35,299 (89.1)
88,174 (87.4)

<0.001

9,977 (31.6)
21,569 (68.4)

1,297 (13.0)
3,615 (16.8)

8,680 (87.0)
17,954 (83.2)

<0.001

46,880 (33.8)
92,012 (66.2)

6,285 (13.4)
10,407 (11.3)

40,532 (86.6)
81,457 (88.7)

<0.001

11,866 (38.4)
19,050 (61.6)

1,834 (15.5)
2,933 (15.4)

10,032 (84.5)
16,117 (84.6)

0.888

Variable
Total N (%)
Maternal Characteristics
Gestational Hypertension-Related Disorders, N (%)
Yes
No
Gestational Diabetes, N (%)
Yes
No
Fetal Malpresentation (Including Breech
Presentation), N (%)
Yes
No
Obstructed Labor, N (%)
Yes
No
Age, mean, SD (N)
Physician Characteristics
Physician Age, N (%)
39 Years Old and Younger
40 Years Old and Older
Physician Gender, N (%)
Male
Female
Physician Country of Birth, N (%)
Non-United States
United States
Physician Malpractice History, N (%)
At Least 1 Malpractice Claim
No Malpractice Claims
Physician Medical School Location, N (%)
Non-United States
United States
Physician Medical School Graduation Date, N (%)
0 to 15 Years Ago
≥16 Years Ago
Hospital Characteristics

New York City
P-Valuea
NA

<0.001

Overall

<0.001
<0.001
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Percentage of Vaginal Births in a Hospital That
Were Vaginal Births after a Previous Cesarean
Delivery (VBAC), N (%)
0 – 11.2000%
11.2001 – 38.9%
Percentage of All Births in Hospital That Had
Induced Labors, N (%)
0 – 26.8000%
26.8001 – 89.1%
Percentage of All Births in Hospital That Had
Augmented Labors, N (%)
0 – 18.8000%
18.8001 – 56.2%
Percentage of All Births in Hospital That Were
Midwife-Attended, N (%)
0 – 1.4000%
1.4001 – 70.3%
Hospital Perinatal Regionalization, N (%)
Level 1
Level 2
Level 3
Level 4
Hospital Participated in NYSQPC Obstetrical
Improvement Project to Reduce Scheduled Late
Preterm Deliveries without Medical Indication, N
(%)
Yes
No
Hospital Religious Affiliation, N (%)
Yes
No
Hospital Ownership, N (%)
Private
Public/Government
Hospital Teaching Status, N (%)
Yes
No
Neighborhood Characteristics
Premature Birth Rate, N (%)
0 – 10.9000%
10.9001 – 45.5%
Low Birthweight Rate, N (%)
0 – 11.2000%
11.2001 – 38.9%

80,504 (54.2)
68,133 (45.8)

6,340 (7.9)
12,738 (18.7)

74,164 (92.1)
55,395 (81.3)

<0.001

15,200 (46.0)
17,870 (54.0)

1,423 (9.4)
3,920 (21.9)

13,777 (90.6)
13,950 (78.1)

<0.001

75,074 (50.5)
73,563 (49.5)

10,006 (13.3)
9,072 (12.3)

65,068 (86.7)
64,491 (87.7)

<0.001

18,036 (53.8)
15,034 (46.2)

3,502 (16.4)
1,841 (15.6)

17,797 (83.6)
9,930 (84.4)

<0.001

75,184 (50.6)
73,453 (49.4)

9,585 (12.7)
9,493 (12.9)

65,599 (87.3)
63,690 (87.1)

0.313

21,299 (64.4)
11,771 (35.6)

3,126 (17.6)
2,217 (14.5)

14,650 (82.4)
13,077 (85.5)

0.058

68,012 (45.8)
80,625 (54.2)

10,532 (15.5)
8,546 (10.6)

57,480 (84.5)
72,079 (89.4)

<0.001

18,036 (54.5)
15,034 (45.5)

2,148 (11.9)
3,195 (21.3)

15,888 (88.1)
11,839 (78.7)

<0.001

18,956 (12.8)
31,238 (21.1)
53,027 (35.7)
45,158 (30.4)

1,379 (7.3)
3,254 (10.4)
6,967 (13.1)
7,473 (16.5)

17,576 (92.7)
27,984 (89.6)
46,060 (86.9)
37,685 (83.5)

<0.001

0 (0)
4,552 (13.8)
16,371 (49.5)
12,147 (36.7)

0 (0)
560 (12.3)
2,624 (13.2)
5,343 (16.2)

0 (0)
3,992 (87.7)
14,212 (86.8)
9,523 (78.4)

<0.001

123,138 (82.8)
25,500 (17.2)

16,298 (13.2)
2,780 (10.9)

106,840 (86.8)
22,719 (89.1)

<0.001

29,075 (87.9)
3,995 (12.1)

4,854 (16.7)
489 (12.2)

24,221 (83.3)
3,506 (87.8)

<0.001

16,082 (10.8)
132,555 (89.2)

1,426 (8.9)
17,652 (13.3)

14,656 (91.1)
114,903 (86.7)

<0.001

207 (0.6)
32,863 (99.4)

20 (9.7)
5,323 (16.2)

187 (90.3)
27,540 (83.8)

0.011

130,012 (87.5)
18,626 (12.5)

15,832 (12.2)
3,246 (17.4)

114,179 (87.8)
15,380 (82.6)

<0.001

27,490 (83.1)
5,580 (16.9)

4,372 (15.9)
971 (17.4)

23,118 (84.1)
4,609 (82.6)

0.006

121,486 (81.7)
27,152 (18.3)

16,739 (13.8)
2,339 (8.6)

104,747 (86.2)
24,812 (91.4)

<0.001

33,070 (100)
0 (0)

5,343 (16.2)
0 (0)

27,727 (83.8)
0 (0)

NA

73,477 (48.3)
78,768 (51.7)

10,496 (14.3)
8,858 (11.2)

62,981 (85.7)
69,910 (88.8)

<0.001

17,981 (53.2)
15,935 (52.9)

3,325 (18.6)
2,077 (13.0)

14,566 (81.4)
13,858 (87.0)

<0.001

73,853 (48.5)
78,392 (51.5)

9,870 (13.4)
9,484 (12.1)

63,983 (86.6)
68,908 (87.9)

<0.001

15,539 (45.9)
18,287 (54.1)

2,850 (18.3)
2,552 (14.0)

12,689 (81.7)
15,735 (86.0)

<0.001
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Medicaid Birth Rate, N (%)
0 – 53.000% (referent)
53.001 – 91.3%
Late or No Prenatal Care Rate, N (%)
0 – 4.8000%
4.8001 – 39.3%
Percent Black/African-American Population Rate, N
(%)
0 – 2.3000%
2.3001 – 92.2%
Percent Hispanic Population Rate, N (%)
0 – 13.9000%
13.9001 – 76.1%
Percent Population Living Below Federal Poverty
Level, N (%)
0 – 13.9000%
13.9001 – 66.7%
Urbanization of Patient Residential ZIP Code, N (%)
Urban
Rural
b.

78,515 (51.6)
73,730 (48.4)

7,946 (10.1)
11,408 (15.5)

70,569 (89.9)
62,322 (84.5)

<0.001

10,787 (31.9)
23,039 (68.1)

1,341 (12.4)
4,061 (17.6)

9,446 (87.6)
18,978 (82.4)

<0.001

77,830 (51.1)
74,415 (48.9)

9,596 (12.3)
9,758 (13.1)

68,234 (87.7)
64,657 (86.9)

<0.001

11,936 (35.3)
21,890 (64.7)

2,361 (19.8)
3,041 (13.9)

9,575 (80.2)
18,849 (86.1)

<0.001

75,343 (49.5)
76,902 (50.5)

8,743 (11.6)
10,611 (13.8)

66,600 (88.4)
66,291 (86.2)

<0.001

13,364 (39.5)
20,462 (60.5)

2,269 (17.0)
3,133 (15.3)

11,095 (83.0)
17,329 (84.7)

<0.001

75,945 (49.9)
76,300 (50.1)

8,916 (11.7)
10,438 (13.7)

67,029 (88.3)
65,862 (86.3)

<0.001

10,842 (49.9)
22,984 (67.0)

1,962 (18.1)
3,440 (15.0)

8,880 (81.9)
19,544 (85.0)

<0.001

80,006 (52.5)
72,179 (47.4)

7,749 (9.7)
11.605 (16.1)

72,317 (90.3)
60,574 (83.9)

<0.001

11,187 (33.1)
22,639 (66.9)

1,373 (12.3)
4,029 (17.8)

9,814 (87.7)
18,610 (82.2)

<0.001

143,751 (94.7)
8,086 (5.3)

18,776 (13.1)
528 (6.5)

124,974 (86.9)
7,556 (93.5)

<0.001

-

-

-

NA

P-values were calculated from Chi-square tests for independence for categorical variables and for 2-sample independent t-tests for continuous variables.
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Table 4.2 – Stepwise Blockwise Modified Poisson Regression Block Models with Generalized Estimating Equations Examining the Association of Factors Associated with
Patients, Physicians, Hospitals, and Neighborhoods with Repeat Cesarean Delivery Risk Amongst Pregnant Women Across New York State, 2011-2014
Model 1 – Patient-Level
Model 2 – Patient-Level
Model 3 – Patient-Level,
Model 4 – Complete Model
Variables Block Only
and Physician-Level Blocks
Physician-Level, and
with Patient-Level,
Hospital-Level Blocks
Physician-Level, HospitalLevel, and NeighborhoodLevel Blocks
Variable
RR
95% CI
P-Value RR
95% CI
P-Value RR
95% CI
P-Value
RR
95% CI
P-Value
Patient-Level
Diagnosis of a Gestational Hypertensive-Related 1.05 1.04-1.05
<0.001 1.05 1.04-1.06
<0.001 1.06 1.05-1.07
<0.001
1.06
1.05-1.07
<0.001
Disorder in the Mothera
Diagnosis of Gestational Diabetes in the Mother
1.04 1.03-1.04
<0.001 1.03 1.02-1.04
<0.001 1.04 1.03-1.04
<0.001
1.04
1.03-1.05
<0.001
Diagnosis of Fetal Malpresentation Including
Breech Presentations During Current Pregnancy
Diagnosis of Obstructed Labor During Current
Pregnancy
Mother’s Age, in Years
Physician-Level
Physician Age
39 Years Old and Younger (referent)
40 Years Old and Older
Physician Gender
Female (referent)
Male
Physician Country of Birth
United States (referent)
Non-United States
Location of Medical School
United States (referent)
Non-United States
Time Since Physician Graduated Medical School
0 Years to 15 Years Ago (referent)
16 Years Ago or More
Physician Malpractice History
No (referent)
At Least 1 Incident
Hospital-Level
Percentage of Vaginal Births in a Hospital That
Were Vaginal Births after a Previous Cesarean
Delivery (VBAC), N (%)
0 – 11.2000%
11.2001 – 38.9%

1.09

1.08-1.09

<0.001

1.08

1.08-1.09

<0.001

1.09

1.08-1.10

<0.001

1.09

1.08-1.10

<0.001

1.02

1.00-1.03

0.013

1.01

0.99-1.03

0.225

1.03

1.02-1.05

<0.001

1.04

1.02-1.05

<0.001

1.00

1.00-1.00

<0.001

1.00

1.00-1.00

<0.001

1.00

1.00-1.00

<0.001

1.00

1.00-1.00

<0.001

1
1.01

1.00-1.02

0.124

1
1.01

1.00-1.02

0.157

1
1.01

1.00-1.01

0.198

1
1.03

1.03-1.04

<0.001

1
1.02

1.02-1.03

<0.001

1
1.02

1.02-1.03

<0.001

1
1.00

0.99-1.00

0.285

1
1.00

0.99-1.00

0.015

1
1.00

1.00-1.01

0.578

1
1.01

1.01-1.02

<0.001

1
1.01

1.00-1.02

0.001

1
1.01

1.00-1.02

<0.001

1
1.00

0.99-1.01

0.759

1
0.99

0.99-1.00

0.027

1
0.99

0.98-1.00

0.008

1
1.00

0.99-1.00

0.649

1
1.00

0.99-1.00

0.706

1
1.00

1.00-1.01

0.630

1
0.99

0.98-0.99

<0.001

1
0.99

0.99-1.00

0.015
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Percentage of All Births in Hospital That Had
Induced Labors, N (%)
0 – 26.8000%
26.8001 – 89.1%
Percentage of All Births in Hospital That Had
Augmented Labors, N (%)
0 – 18.8000%
18.8001 – 56.2%
Percentage of All Births in Hospital That Were
Midwife-Attended, N (%)
0 – 1.4000%
1.4001 – 70.3%
Hospital Perinatal Regionalization Level
1 (referent)
2
3
4
Hospital Participated in 2010-2014 NYS
Perinatal Quality Collaborative Project to
Reduce Scheduled Late-Preterm Cesarean
Deliveries without Indication
No (referent)
Yes
Hospital is Religiously Affiliated
No (referent)
Yes
Hospital is Privately Owned
No (referent)
Yes
Hospital Has Teaching Status
No (referent)
Yes
Neighborhood-Level
Premature Birth Rate, N (%)
0 – 10.9000%
10.9001 – 45.5%
Low Birthweight Rate, N (%)
0 – 11.2000%
11.2001 – 38.9%
Medicaid Birth Rate, N (%)
0 – 53.000% (referent)
53.001 – 91.3%
Late or No Prenatal Care Rate, N (%)
0 – 4.8000%

1
1.00

0.99-1.00

0.433

1
1.00

1.00-1.01

0.846

1
1.00

1.00-1.01

0.497

1
1.00

0.99-1.00

0.319

1
0.91

0.90-0.91

<0.001

1
0.92

0.92-0.93

<0.001

1
0.96
0.95
0.92

0.95-0.96
0.94-0.95
0.91-0.92

<0.001
<0.001
<0.001

1
0.96
0.95
0.92

0.96-0.97
0.95-0.96
0.91-0.93

<0.001
<0.001
<0.001

1
1.00

1.00-1.01

0.227

1
1.00

1.00-1.01

0.290

1
1.03

1.02-1.03

<0.001

1
1.01

1.00-1.01

0.018

1
1.01

1.00-1.02

0.011

1
1.02

1.01-1.03

<0.001

1
0.99

0.98-0.99

<0.001

1
0.99

0.99-1.00

0.014

1
1.04

1.03-1.04

<0.001

1
1.01

1.01-1.02

<0.001

1
0.96

0.95-0.97

<0.001

1
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4.8001 – 39.3%
Percent Black/African-American Population
Rate, N (%)
0 – 2.3000%
2.3001 – 92.2%
Percent Hispanic Population Rate, N (%)
0 – 13.9000%
13.9001 – 76.1%
Percent Population Living Below Federal
Poverty Level, N (%)
0 – 13.9000%
13.9001 – 66.7%
Urbanization of Patient Residential ZIP Code
Rural (referent)
Urban
Multiplicative Interaction Analysis
Physician Gender * Private Hospital Ownership

1.03

1.02-1.04

<0.001

1
1.00

0.99-1.00

0.157

1
1.00

1.00-1.01

0.521

1
0.95

0.95-0.96

<0.001

1
0.97

0.97-0.98

<0.001

1.02

1.00-1.04

0.071

Table 4.3 – Stepwise Modified Poisson Regression Block Models with Generalized Estimating Equations Examining the Association of Factors Associated with Patients,
Physicians, Hospitals, and Neighborhoods with Repeat Cesarean Delivery Risk Amongst Pregnant Women Who Gave Birth in New York City Hospitals, 2011-2014
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Model 1 – Patient-Level
Variables Block Only

Variable
Patient-Level
Diagnosis of a Gestational Hypertensive-Related
Disorder in the Mothera
Diagnosis of Gestational Diabetes in the Mother
Diagnosis of Fetal Malpresentation Including Breech
Presentations During Current Pregnancy
Diagnosis of Obstructed Labor During Current
Pregnancy
Maternal Nativity
US-Born (referent)
Non-US Born
Maternal Black/African-American Race
No (referent)
Yes
Maternal Hispanic Ethnicity
No (referent)
Yes
Mother’s Age, in Years
Physician-Level
Physician Age
39 Years Old and Younger (referent)
40 Years Old and Older
Physician Gender
Female (referent)
Male
Physician Country of Birth
United States (referent)
Non-United States
Location of Medical School
United States (referent)
Non-United States
Time Since Physician Graduated Medical School
0 Years to 15 Years Ago (referent)
16 Years Ago or More
Physician Malpractice History
No (referent)
At Least 1 Incident

Model 2 – Patient-Level
and Physician-Level Blocks

Model 3 – Patient-Level,
Physician-Level, and
Hospital-Level Blocks

Model 4 – Complete Model
with Patient-Level,
Physician-Level, HospitalLevel, and NeighborhoodLevel Blocks
RR
95% CI
P-Value

RR

95% CI

P-Value

RR

95% CI

P-Value

RR

95% CI

P-Value

1.05

1.03-1.07

<0.001

1.06

1.03-1.06

<0.001

1.06

1.04-1.08

<0.001

1.06

1.04-1.08

<0.001

1.05

1.04-1.06

<0.001

1.05

1.04-1.07

<0.001

1.07

1.05-1.08

<0.001

1.07

1.05-1.09

<0.001

1.12

1.10-1.13

<0.001

1.11

1.09-1.13

<0.001

1.12

1.10-1.14

<0.001

1.12

1.10-1.14

<0.001

1.10

1.08-1.12

<0.001

1.10

1.08-1.13

<0.001

1.13

1.10-1.16

<0.001

1.13

1.10-1.16

<0.001

1
1.02

1.01-1.03

<0.001

1
1.02

1.00-1.03

0.007

1
1.01

1.00-1.02

0.245

1
1.01

1.00-1.02

0.159

1
1.06

1.05-1.07

<0.001

1
1.05

1.04-1.07

<0.001

1
1.03

1.02-1.05

<0.001

1
1.03

1.01-1.04

<0.001

1
1.04
1.01

1.03-1.05
1.01-1.01

<0.001
<0.001

1
1.04
1.01

1.02-1.05
1.01-1.01

<0.001
<0.001

1
1.03
1.01

1.01-1.04
1.01-1.01

<0.001
<0.001

1
1.03
1.01

1.01-1.04
1.00-1.01

<0.001
<0.001

1
0.98

0.96-1.00

0.038

1
1.00

0.98-1.02

0.660

1
1.00

0.98-1.02

0.893

1
1.02

1.01-1.04

<0.001

1
1.00

0.99-1.01

0.925

1
1.00

0.99-1.02

0.605

1
1.04

1.03-1.06

<0.001

1
1.03

1.01-1.04

<0.001

1
1.03

1.02-1.05

<0.001

1
1.01

0.99-1.02

0.503

1
0.99

0.97-1.00

0.101

1
0.99

0.97-1.00

0.076

1
0.98

0.97-1.00

0.021

1
0.99

0.97-1.00

0.100

1
0.99

0.97-1.00

0.146

1
0.99

0.98-1.00

0.077

1
0.99

0.97-1.00

0.064

1
0.99

0.97-1.00

0.046
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Hospital-Level
Percentage of Vaginal Births in a Hospital That Were
Vaginal Births after a Previous Cesarean Delivery
(VBAC), N (%)
0 – 11.2000%
11.2001 – 38.9%
Percentage of All Births in Hospital That Had
Induced Labors, N (%)
0 – 26.8000%
26.8001 – 89.1%
Percentage of All Births in Hospital That Had
Augmented Labors, N (%)
0 – 18.8000%
18.8001 – 56.2%
Percentage of All Births in Hospital That Were
Midwife-Attended, N (%)
0 – 1.4000%
1.4001 – 70.3%
Hospital Perinatal Regionalization Levela
2 (referent)
3
4
Hospital Participated in 2010-2014 NYS Perinatal
Quality Collaborative Project to Reduce Scheduled
Late-Preterm Cesarean Deliveries without Indication
No (referent)
Yes
Hospital is Religiously Affiliated
No (referent)
Yes
Hospital is Privately Owned
No (referent)
Yes
Hospital Has Teaching Statusb
No (referent)
Yes
Neighborhood-Level
Premature Birth Rate, N (%)
0 – 10.9000%
10.9001 – 45.5%
Low Birthweight Rate, N (%)
0 – 11.2000%
11.2001 – 38.9%

1
0.91

0.90-0.92

<0.001

1
0.91

0.89-0.92

<0.001

1
1.00

0.99-1.01

0.887

1
1.00

0.99-1.01

0.979

1
0.98

0.97-1.00

0.011

1
0.98

0.97-0.99

0.005

1
0.94

0.93-0.96

<0.001

1
0.91

0.89-0.99

<0.001

1
1.05
0.98

1.03-1.07
0.96-1.00

<0.001
0.041

1
1.04
0.98

1.02-1.05
0.96-1.00

<0.001
0.059

1
1.02

1.00-1.03

0.078

1
1.02

1.00-1.04

0.030

1
1.07

1.01-1.14

0.036

1
1.04

0.97-1.11

0.253

1
1.00

0.98-1.02

0.798

1
1.01

0.99-1.03

0.282

-

-

-

-

-

-

1
1.07

1.05-1.09

<0.001

1
1.00

0.98-1.02

0.917
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Medicaid Birth Rate, N (%)
0 – 53.000% (referent)
53.001 – 91.3%
Late or No Prenatal Care Rate, N (%)
0 – 4.8000%
4.8001 – 39.3%
Percent Black/African-American Population Rate, N
(%)
0 – 2.3000%
2.3001 – 92.2%
Percent Hispanic Population Rate, N (%)
0 – 13.9000%
13.9001 – 76.1%
Percent Population Living Below Federal Poverty
Level, N (%)
0 – 13.9000%
13.9001 – 66.7%
Urbanization of Patient Residential ZIP Codec
Rural (referent)
Urban
Multiplicative Interaction Analysis
Patient Nativity * Physician Nativity
Physician Gender * Private Hospital Ownership

d.
e.
f.

1
0.96

0.95-0.98

<0.001

1
1.04

1.02-1.06

<0.001

1
0.97

0.95-0.99

0.001

1
1.03

1.01-1.04

0.001

1
0.95

0.93-0.96

<0.001

-

-

-

1.02
1.05

1.00-1.04
1.01-1.09

0.113
0.017

There were no hospitals in New York city with a Level 1 perinatal regionalization level; therefore, level 2 was made the referent category for this
subanalysis.
The relative risk for this variable could not be calculated for the NYC birth subset because all birthing hospitals in NYC are classified as teaching hospitals.
This predictor was not included in the final model calculation given the small proportion of births (1% of sample; 347 out of 34,745 births) and resulting
volatility of model parameter estimates.
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Chapter 5 – Conclusion

Overview
The findings from this dissertation , presented in Chapters 2 through 4, indicate that
Cesarean delivery rate and risk in New York state are associated with numerous factors at the
patient- (both clinically and sociodemographically), physician-, hospital-, and patient
neighborhood of residence-levels.. Across New York state ZIP codes (referred to as
communities), the analyses presented in Chapter 2 found that higher community rates of
numerous maternal and child health-related characteristics (i.e., frequencies of births that were in
a teaching hospital and that were low birthweight) as well as the sociodemographic
characteristics of the community (i.e., frequencies of the population who were black/AfricanAmerican, that had at least some college education, that spoke a language other than English at
home, and lived in an urban area) were associated with higher rates of Cesarean delivery among
community residents. Additionally, higher frequencies of births with late or no prenatal care and
higher median household incomes in the community were associated with lower Cesarean
delivery rates among community residents. The results of Moran’s I analysis suggested that
community rate of Cesarean delivery across NYS ZIP codes exhibits geospatial clustering, which
was taken into account in the analysis. These findings suggest that the association between
community socioeconomic indicators found for numerous adverse health outcomes also holds for
Cesarean delivery, which had not been assessed before.
In Chapters 3 and 4, we examined the same independent variables in blockwise modified
regression modeling with the first-order autoregressive correlation matrix in generalized
estimating equations framework to address spatial correlation for two different outcomes: First
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Cesarean delivery (Chapter 3) and repeat Cesarean delivery (Chapter 4) among those who had
already had a Cesarean delivery. We looked at New York state residents overall, and also ran a
New York City only model as a sensitivity analysis for which we added maternal nativity, which
was not available for the New York state data, and better measures of maternal race/ethnicity.
All maternal clinical and sociodemographic characteristics (except for maternal nativity in the
NYC only model for repeat Cesarean delivery) were significantly associated with higher primary
and repeat Cesarean delivery risk. The most impactful clinical characteristic of pregnancy was
fetal malposition; however, its impact on method of delivery was much more pronounced for
primary Cesarean delivery (RR: 3.63; p<0.001) than repeat Cesarean delivery (RR: 1.09;
p<0.001).
We also found that pregnancies resided over by male, foreign-born, and less experienced
physicians had a higher likelihood of both primary and repeat Cesarean delivery. In addition,
women with physicians who were foreign medical school graduates also had a higher likelihood
of primary Cesarean delivery, and, for NYC births only, pregnant women had a higher likelihood
of Cesarean delivery (both primary and repeat) if their physician was foreign-born and had no
history of malpractice. These results suggest that characteristics of the presiding physician,
which may shape both the clinical approach of clinicians as well as their perception of patient
populations and their interaction with the hospital in which they work and the patients they serve,
may impact Cesarean delivery risk even after adjusting for patient, hospital, and patient
neighborhood of residence characteristics.
We also found that numerous factors associated with childbirth-related clinical practice
of hospitals and administrative characteristics were associated with higher Cesarean delivery
likelihood in pregnant women. Lower rates of VBAC were associated with higher rate of both
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primary and repeat Cesarean delivery. Lower rates of labor induction, as well as higher rates of
labor augmentation and midwife-attended births were also associated with higher primary
Cesarean delivery likelihood, whereas lower rates of midwife-attended births in hospitals was
associated with increased repeat Cesarean delivery likelihood. This is one of the first studies to
examine how hospital practice surrounding childbirth shapes method of delivery outcomes
among individual patients. Other hospital-related factors that increased the risk of both primary
and repeat Cesarean delivery included having lower levels of perinatal regionalization, not
having a religious affiliation, and being privately owned. For repeat Cesarean delivery risk
specifically, patients that gave birth in hospitals that did not have teaching status had slightly
increased risk of Cesarean delivery, again after adjusting for differences in the patient
populations. These findings suggest that structural elements related to the administrative
composition of hospitals shape Cesarean delivery likelihood, possibly related to resource
availability and the influence of parties on hospital boards that shape the “standard practice”,
including acceptable liability limits, of the clinicians that practice within its walls.
Lastly, parallel to what we found in the ecological analysis of Chapter 2, numerous
neighborhood characteristics increased patient-level risk of both primary and repeat Cesarean
delivery. Specifically, patients living in rural communities, in communities with higher rates of
premature births and babies born of low birthweight, with higher rates of late or no prenatal care
initiation during pregnancy, lower rates of Medicaid covered births and lower proportion of
residents living below the Federal Poverty Level were all associated with higher rates of primary
and repeat Cesarean delivery risk. In addition to strengthening the previous findings that poorer
socioeconomic neighborhoods are also more likely to have Cesarean delivery, possibly due to
complications or poorer health presentations at labor and during delivery, this research identifies
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factors that have been found at the individual level (e.g., insurance coverage) to Cesarean
delivery likelihood. Specific to higher rates of Medicaid births and people living below the
Federal Poverty Level as protective of both primary and repeat Cesarean delivery, it lends
credence to the notion that women with private insurance and those of higher socioeconomic
position may have a higher likelihood of Cesarean delivery, when it pertains to higher rates of
reimbursement and ability to pay higher deductibles and co-pays. However, it is also evident that
disparate communities, such as those with higher rates of people of color (e.g., black/AfricanAmerican and Hispanic), have a higher likelihood of primary Cesarean delivery.
Limitations
There were numerous limitations that plagued all three research studies. Firstly, all three
analyses used secondary sources of data, which could have had numerous measurement and
misclassification errors impacting validity. The measurement errors may have been differential
by Cesarean delivery outcomes. Additionally, some of the variables examined were proxies for
constructs of interest. While these predictors were carefully chosen based on previous findings
presented in the literature, it is possible that at least some of them are not adequate
representations of their respective constructs.
Thirdly, it is probable that residual confounding remained even after adjustment for all
the variables included in our analysis at multiple levels. As such, small, marginal findings,
regardless of statistical significance, should be approached cautiously policy and practice
changes are bing considered. Lastly, numerous variables that have been suggested in previous
studies to likely have a profound impact on patient Cesarean delivery likelihood could not be
adequately operationalized and therefore were excluded from analysis. These factors include, but
are not limited to, patient desire and preferences related to both labor and delivery, standard
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practice culture of individual hospitals and providers surrounding childbirth, fear of malpractice
amongst providers and hospitals, available social support networks, and utilization of
interventions (e.g., water tub, birthing balls) among patients and providers that do not have an
accompanying procedure or diagnosis code. If included, these factors may have helped to explain
how the surrounding environment containing multi-level factors associated with patients,
providers, hospitals, and surrounding neighborhoods affect Cesarean delivery likelihood, both at
the ecological level as well as the individual level, for both primary and repeat Cesarean
delivery.
Policy Implications and Future Research
The findings from this dissertation may have policy implications. Firstly, they may help
inform changes in clinical practice guidelines around childbirth (e.g., obstetrics, family
medicine) to encourage clinicians to be more respective and aware of how factors associated
with the hospital where patients give birth as well as the residential neighborhoods of patients
shape pregnancy and childbirth-related health outcomes. It may help clinicians to branch out and
consider the social capital and health behaviors of pregnant patients to better understand their
potential risk for complications that may increase Cesarean delivery likelihood. It may also help
restructure clinical thinking and planning related to acceptable risk thresholds and which clinical
presentations require a Cesarean delivery and which do not. Ultimately, if this research is
considered by policy makers, it has the potential to reduce unnecessary Cesarean deliveries and
this improve health outcomes and decrease the financial burden on the healthcare system.
There are many directions for future research to build upon this dissertation. Qualitative
research may help to elucidate the perspectives of patients, physicians, and even hospital
administrators on the perception of the relative contribution of each party’s respective input in
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the childbirth decision-making process. While this quantitative study treats all variables as
essentially equal in their role in shaping Cesarean delivery likelihood, it is highly probable that
pregnant patients feel that their own personal input plays a smaller role in the ultimate method of
delivery outcome that occurs, compared to the standard practice of clinicians and hospitals where
women given birth in New York state. Additional research on other geographic areas could be
beneficial to see if these findings are generalizable to other areas of the U.S.
Overall Conclusion
Overall, this dissertation was consistent in finding numerous factors previously identified
in the literature as associated with increased Cesarean delivery likelihood and identified
associations that had not been previous published before in the childbirth literature. Cesarean
delivery, as the most commonly performed major surgical procedure in the U.S., costs billions of
dollars each year, may be unnecessary in many cases, and the reasons behind unnecessary
Cesarean delivery work across multiple socioecological levels but are still not entirely
understood. Input from individual patients, their providers, and their surrounding environment
(hospital and community) is needed to better understand the forces at play in the multi-level
factors found to be associated with Cesarean delivery risk in this dissertation.
Nevertheless, this research is a first step in providing healthcare providers, administrators
and policy makers with a better understanding of the complex interplay among patient-,
physician-, hospital and community-level factors in impacting Cesarean delivery risk. We hope
that the findings in this dissertation can help reduce the number of unnecessary Cesarean
deliveries and ultimately, reduce the morbidity and mortality of pregnant women during
childbirth in the U.S. for years to come.
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APPENDIX A: CHAPTER 2 METHODOLOGICAL NOTES AND ADDITIONAL
ANALYSES

Appendix A.1: Detailed Methodological Notes
1. Notes Related to Outcome Variable Coding: ICD-9 diagnosis codes were used to identify
hospital births and Cesarean delivery by identifying Medicare Severity Diagnosis Risk
Group (i.e. MS-DRGs) and state all-patient refined diagnosis related groups (APRDRGs) for Cesarean and vaginal delivery-related codes; procedural codes assessed
include both the primary procedure code listed and the fourteen subsequent other
procedures listed. Both the MS-DRGs and APR-DRGs are two separate coding used for
research and reimbursement purposes to streamline classification of patient outcomes.
Cesarean delivery was defined by APR-DRG code ‘540’ or MS-DRG codes of ‘765’ or
‘766’, or Cesarean delivery-related procedural codes (i.e., ‘740’, ‘741’, ‘742’, ‘744’,
‘7499’). Conversely, a patient was coded as having a vaginal birth if the APR-DRG code
was ‘541’, ‘542’, or ‘560’ or if their MS-DRG code was ‘767’, ‘768’, ‘774’, or ‘775’.
2. Notes Related to Hospital Procedural Variables: This maternity procedural data is
required to be reported by all hospitals and birth centers in New York State annually,
shared with the New York State Department of Health (NYSDOH), aggregated by and
reported publicly by the NYSDOH in accordance with New York State Public Health
Law Section 2803-j.
3. Notes Related to Regression Modeling Choice: Negative binomial regression was chosen
as the regression methodology for this study as it does not require normality within the
outcome variable like linear regression nor does it require that the mean and variance be
equal to provide valid results like Poisson regression. If the conditional distribution of the
Cesarean delivery variable is indeed over-dispersed, then estimates from the negative
binomial regression modeling will be more conservative than Poisson would be, reducing
the likelihood of Type I error (“false positive”).
4. Notes Related to Multicollinearity: Spearman’s correlation coefficient analyses of
bivariate correlations were conducted between all predictor variables to assess for
potential multicollinearity. No variable pairs had a correlation coefficient of at least
r=0.90 and therefore, all predictors were eligible to be included for regression modeling.
Appendix A.2: Univariate Moran’s I Coefficient-Related Calculations
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APPENDIX B: CHAPTER 3 METHODOLOGICAL NOTES AND ADDITIONAL
ANALYSES
Appendix B.1: Methodological Considerations
1.) ICD-9-CM diagnosis codes used to determine prior Cesarean delivery were 654.20,
654.21, and 654.23.
2.) The following codes were utilized to identify whether a woman received a vaginal birth
or a Cesarean delivery:
a. Vaginal birth:
i. APR DRG: 541, 542, 560
ii. MS-DRG: 767, 768, 774, 775
b. Cesarean birth:
i. APR-DRG: 540
ii. MS-DRG: 765, 766
iii. ICD-9-CM procedure code: 74.0; 74.1; 74.2; 74.4; 74.99
3.) ICD-9-CM Diagnosis Codes Used for Patient Clinical Pregnancy Characteristics (note:
for each code, x was replaced with 0, 1, 2, 3, and 4 to ensure accurate capture of when
the condition was diagnosed and recorded):
a. Gestational Hypertension-Related Disorders:
i. 642.3x: Gestational hypertension (transient hypertension of pregnancy)
ii. 642.4x: Mild or unspecified pre-eclampsia
iii. 642.5x: Severe pre-eclampsia
iv. 642.6x: Eclampsia complicating pregnancy childbirth or the puerperium
v. 642.7x: Pre-eclampsia or eclampsia superimposed on pre-existing
hypertension
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b. Gestational Diabetes: 648.8x
c. Obstructed Labor:
i. 660.0x: Obstruction caused by malposition of fetus at onset of labor
ii. 660.4x: Shoulder dystocia
iii. 660.6x: Failed trial of labor, unspecified
iv. 660.8x: Other causes of obstructed labor
v. 660.9x: Unspecified obstructed labor
d. Fetal Malpresentation:
i. 652.1x and 652.2x: Breech presentation
ii. 652.0x, 652.3x, 652.4x, 652.5x, 652.6x, 652.7x, 652.8x, and 652.9x: Other
malposition and malpresentation
e. Multiple Gestation: 651.0x, 651.1x, and 651.2x
Appendix B.2: Agreement of Black/African-American Race and Hispanic Ethnicity of Pregnant
Women from Birth-Certificate and Inpatient Hospital Discharge Record, 2011-2014
Table B.1 - Agreement of Black/African-American Race of Pregnant Women from Birth
Certificate and Hospital Inpatient Data, New York City, 2011-2014
Birth
Hospital
Percent
Certificate
Discharge
Concordance
Data Source
Data
Data
Black/African-American Race
42,840
34,147
79.71%
Not of Black/African-American Race
132,562
141,255
93.85%
Table B.2 - Agreement of Hispanic Ethnicity of Pregnant Women from Birth Certificate
and Hospital Inpatient Data, New York City, 2011-2014
Birth Certificate
Hospital
Percent
Data
Discharge Data
Concordance
Data Source
Hispanic Ethnicity
46,976
32,413
69.00%
Non-Hispanic Ethnicity
128,426
142,989
89.82%

Appendix B.3: Complete Block Regression Model Results Stratified by Private Hospital
Ownership to Assess Results of Multiplicative Interaction between Physician Gender and Private
Hospital Ownership on Primary Cesarean Delivery Risk in Patients in New York State, 20112014
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Table B.3 – Complete Regression Model Results Stratified by Private Hospital Ownership to Assess
Results of Multiplicative Interaction between Physician Gender and Private Hospital Ownership on
Primary Cesarean Delivery Risk in Patients in New York State, 2011-2014

Variables
Patient-Level
Diagnosis of a Gestational Hypertensive-Related Disorder in
the Mothera
Diagnosis of Gestational Diabetes in the Mother
Diagnosis of Fetal Malpresentation Including Breech
Presentations During Current Pregnancy
Diagnosis of Obstructed Labor During Current Pregnancy
Multiple Gestation (More than 1 Fetus)
Mother’s Age, in Years
Physician-Level
Physician Age
49 Years Old and Younger (referent)
50 Years Old and Older
Physician Gender
Female (referent)
Male
Physician Country of Birth
United States (referent)
Non-United States
Location of Medical School
United States (referent)
Non-United States
Time Since Physician Graduated Medical School
0 Years to 15 Years Ago (referent)
16 Years Ago or More
Physician Malpractice History
No (referent)
At Least 1 Incident
Hospital-Level
Percentage of Vaginal Births in Hospital That Were Vaginal
Births after a Previous Cesarean Delivery (VBAC)
0 – 11.2000% (referent)
11.2001 – 38.9%
Percentage of All Births in Hospital That Had Induced
Labors
0 – 26.8000% (referent)
26.8001 – 89.1%
Percentage of All Births in Hospital That Had Augmented
Labors
0 – 18.8000% (referent)
18.8001 – 56.2%
Percentage of All Births in Hospital That Were MidwifeAttended
0 – 1.4000% (referent)
1.4001 – 70.3%
Hospital Perinatal Regionalization Level
1 (referent)
2
3

Model 4 – Complete Model
with Patient-Level,
Physician-Level, HospitalLevel, and NeighborhoodLevel Blocks (FOR ALL
BIRTHS IN A PRIVATE
HOSPITAL)
RR
95% CI
PValue

Model 4 – Complete Model
with Patient-Level,
Physician-Level, HospitalLevel, and NeighborhoodLevel Blocks (FOR ALL
BIRTHS IN A NONPRIVATE HOSPITAL)
RR
95% CI
PValue

1.76
1.26

1.73-1.78
1.24-1.28

<0.001
<0.001

1.75
1.28

1.68-1.83
1.22-1.35

<0.001
<0.001

3.61
1.06
1.35
1.01

3.58-3.65
1.04-1.08
1.33-1.37
1.01-1.01

<0.001
<0.001
<0.001
<0.001

3.65
1.19
1.34
1.01

3.52-3.78
1.12-1.26
1.27-1.42
1.01-1.01

<0.001
<0.001
<0.001
<0.001

1
1.01

1.00-1.02

0.414

1
0.95

0.90-1.00

0.062

1
1.04

1.03-1.05

<0.001

1
0.99

0.95-1.04

0.766

1
1.01

1.00-1.02

0.281

1
1.03

0.99-1.07

0.170

1
1.02

1.01-1.04

0.001

1
0.97

0.92-1.02

0.221

1
0.98

0.96-0.99

<0.001

1
1.03

0.98-1.09

0.202

1
1.01

1.00-1.02

0.243

1
0.93

0.88-0.98

0.005

1
0.85

0.84-0.86

<0.001

1
0.98

0.91-1.07

0.698

1
0.99

0.98-1.00

0.127

1
0.91

0.85-0.98

0.017

1
1.04

1.03-1.05

<0.001

1
0.94

0.89-0.98

0.004

1
1.04

1.02-1.05

<0.001

1
0.81

1
0.77-0.86

<0.001

1
0.96
1.01

0.94-0.98
0.99-1.03

<0.001
0.231

1
1.04

0.97-1.11

0.263
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4
0.94
0.92-0.96
<0.001 1.34
1.23-1.45
<0.001
Hospital Participated in 2010-2014 NYS Perinatal Quality
Collaborative Project to Reduce Scheduled Late-Preterm
Cesarean Deliveries without Indication
No (referent)
1
1
Yes
0.98
0.96-0.99
<0.001 1.07
0.96-1.20
0.246
Hospital is Religiously Affiliateda
No (referent)
1
Yes
0.97
0.95-0.99
<0.001
Hospital Has Teaching Status
No (referent)
1
1
Yes
1.00
0.98-1.01
0.683
0.77
0.59-1.00
0.053
Neighborhood-Level
Premature Birth Rate
0 – 10.9000% (referent)
1
1
10.9001 – 45.5%
1.07
1.05-1.08
<0.001 0.98
0.93-1.02
0.319
Low Birthweight Rate
0 – 11.2000% (referent)
1
1
11.2001 – 38.9%
1.06
1.05-1.07
<0.001 1.12
1.07-1.18
<0.001
Medicaid Birth Rate
0 – 53.000% (referent)
1
1
53.001 – 91.3%
0.96
0.95-0.98
<0.001 0.98
0.93-1.04
0.531
Late or No Prenatal Care Rate
0 – 4.8000% (referent)
1
1
4.8001 – 39.3%
1.09
1.07-1.10
<0.001 1.09
1.03-1.17
0.004
Percent Black/African-American Population Rate
0 – 2.3000% (referent)
1
1
2.3001 – 92.2%
1.03
1.02-1.05
<0.001 0.96
0.91-1.01
0.094
Percent Hispanic Population Rate
0 – 13.9000% (referent)
1
1
13.9001 – 76.1%
1.03
1.02-1.04
<0.001 0.90
0.86-0.95
<0.001
Percent Population Living Below Federal Poverty Level
0 – 13.9000% (referent)
1
1
13.9001 – 66.7%
0.89
0.87-0.90
<0.001 1.00
0.95-1.05
0.967
Urbanization of Patient Residential ZIP Code
Rural (referent)
1
1
Urban
0.95
0.92-0.97
<0.001 1.42
1.10-1.83
0.006
a. The stratified odds ratio for hospitals with religious affiliation could not be computed for births that only occurred in
a non-privately owned hospital because all of the hospitals in the dataset that had religious affiliation were privately
owned in some capacity.

Appendix B.4: Quasi Likelihood Under Independence Model Criterion Results for the Inclusion
of Each Stepwise Regression Model Block for All NYS Births and NYC Births Only
Table B.4 – Quasi Likelihood Under Independence Model Criterion for
Each Stepwise Regression Model Block for All New York State Births
Model Blocks
Patient Variables
Patient and Physician Variables
Patient, Physician, and Hospital Variables
Patient, Physician, Hospital, and Neighborhood Variables

Criterion
425,349.719
265,612.770
257,488.743
256,021.917
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Table B.5 – Quasi Likelihood Under Independence Model Criterion for
Each Stepwise Regression Model Block for New York City Only Births
Model Blocks
Patient Variables
Patient and Physician Variables
Patient, Physician, and Hospital Variables
Patient, Physician, Hospital, and Neighborhood Variables

Criterion
100,660.887
58,361.208
56,862.912
56,599.842
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APPENDIX C: CHAPTER 4 METHODOLOGICAL NOTES AND ADDITIONAL
ANALYSES
Appendix C.1: Methodological Considerations
1.) ICD-9-CM diagnosis codes used to determine prior Cesarean delivery were 654.20,
654.21, and 654.23.
2.) The following codes were utilized to identify whether a woman received a vaginal birth
or a Cesarean delivery:
a. Vaginal birth:
i. APR DRG: 541, 542, 560
ii. MS-DRG: 767, 768, 774, 775
b. Cesarean birth:
i. APR-DRG: 540
ii. MS-DRG: 765, 766
iii. ICD-9-CM procedure code: 74.0; 74.1; 74.2; 74.4; 74.99
3.) ICD-9-CM Diagnosis Codes Used for Patient Clinical Pregnancy Characteristics (note:
for each code, x was replaced with 0, 1, 2, 3, and 4 to ensure accurate capture of when
the condition was diagnosed and recorded):
a. Gestational Hypertension-Related Disorders:
i. 642.3x: Gestational hypertension (transient hypertension of pregnancy)
ii. 642.4x: Mild or unspecified pre-eclampsia
iii. 642.5x: Severe pre-eclampsia
iv. 642.6x: Eclampsia complicating pregnancy childbirth or the puerperium
v. 642.7x: Pre-eclampsia or eclampsia superimposed on pre-existing
hypertension
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b. Gestational Diabetes: 648.8x
c. Obstructed Labor:
i. 660.0x: Obstruction caused by malposition of fetus at onset of labor
ii. 660.4x: Shoulder dystocia
iii. 660.6x: Failed trial of labor, unspecified
iv. 660.8x: Other causes of obstructed labor
v. 660.9x: Unspecified obstructed labor
d. Fetal Malpresentation:
i. 652.1x and 652.2x: Breech presentation
ii. 652.0x, 652.3x, 652.4x, 652.5x, 652.6x, 652.7x, 652.8x, and 652.9x: Other
malposition and malpresentation
4.) Missing data on physician type: Out of the 152,245 women in the dataset, 142,588
women had an operating physician or attending physician that was an obstetrician or
OB/GYN. Therefore, approximately 6.34% of the sample had missing physician data.

Appendix C.2: Quasi Likelihood Under Independence Model Criterion Results for the Inclusion
of Each Stepwise Regression Model Block for All NYS Births and NYC Births Only

Table C.1 – Quasi Likelihood Under Independence Model Criterion for
Each Stepwise Regression Model Block for All New York State Births
Model Blocks
Patient Variables
Patient and Physician Variables
Patient, Physician, and Hospital Variables
Patient, Physician, Hospital, and Neighborhood Variables

Criterion
35,996.467
21,453.806
20,783.917
20,624.214
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Table C.2 – Quasi Likelihood Under Independence Model Criterion for
Each Stepwise Regression Model Block for New York City Only Births
Model Blocks
Patient Variables
Patient and Physician Variables
Patient, Physician, and Hospital Variables
Patient, Physician, Hospital, and Neighborhood Variables

Criterion
9,792.061
5,468.983
5,302.540
5,245.972
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